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the inquiries made, the various railway companies on which 
observing parties would have to travel have very liberally 
promised to make considerable reductions from their usual rates 
of fares, and for carriage of luggage, instruments, camp furniture, 
&c., to all bond fide observers and observing parties. Thus the 
Southern Mahratta Railway, running in the West of India, offer 
to give free passes to all observers ; the Great Indian Peninsular 
Railway will allow all parties of observers to travel at half rates 
on ordinary trains ; and the East Indian, Bengal and North¬ 
western and Bengal Nagpore Railways will make a reduction of 
25 per cent, from their fares, &c., to observers and observing 
parties. 

It must not, however, be thought that the conditions in India 
for parties travelling are the same as in England or Europe 
generally. Food can be had at the various refreshment rooms 
on all the main lines of railway, but on the branch lines the 
passenger has frequently to carry his own food. Again, all first 
and second class passengers travelling at night in Indian railways 
are entitled to a sleeping berth without extra charge ; but each 
passenger must provide his own pillows, rugs, &c., if he wishes to 
be comfortable. 

Again, in the matter of accommodation for visitors, conditions 
in Indian towns and villages are very different from those in 
Europe. At such towns as Calcutta, Bombay and Benares hotel 
accommodation is fairly plentiful; but even here at certain seasons 
of the year the demand is larger than the supply, and rooms 
should be engaged beforehand. 

Except at such large towns as those mentioned, or at places 
on the usual route of tourists, hotels are not to be found, and 
in the great majority of cases travellers in India have to make 
their own arrangements for living and accommodation. At the 
headquarters stations in the various districts into which India is 
divided, it is true that Government keeps up small houses called 
district or travellers’ bungalows, or in Bengal called dak 
bungalows. Travellers’ bungalows are to found at Ratnagiri, 
also at Indapur and Kumbhargaon in the Sholapur district, 
Satara (probably), Nagpore, Ghazipur (empty bungalows), 
Robertsganj (near Mirzapur), Ballia (near Buxar), Chupra, &c. 
Such bungalows usually contain three or four rooms and are 
provided with necessary, but not luxurious furniture, and a few 
servants are in attendance. A small fee is charged for residence ; 
but in the event of a stay of more than twenty-four hours being 
made, a new arrival has a prior claim to be accommodated over 
the older residents. The servants at these bungalows can 
usually provide plain food. Small waiting rooms are to be 
found at most of the stations on the various lines of railway 
crossing the path of the eclipse ; and the railway companies 
would probably allow observers to occupy these, but in such 
cases travellers would have to make their own arrangements for 
living and sleeping. Failing travellers’ bungalows or the wait¬ 
ing rooms at stations, the only plan would be to camp out, and 
this will probably have to be done in the great majority of cases. 
Tents and camp furniture can be purchased, and in some cases 
hired at large towns in India ; and in addition the Government 
of India in the Military Department have promised to lend tents 
and the ordinary articles of camp furniture as far as they may 
be available for the use of bond fide scientific observers who may 
come out to India for the purpose of witnessing the total eclipse 
of the sun. Probably, also, tents could be procured in some 
instances from the Magistrates and Collectors and other officials 
of districts who would be certain to give every assistance in 
their power to observing parties. Here, again, arrangements 
would have to be made by each party or person as to servants, 
commissariat, &c. If any station were selected at a distance 
from large towns or headquarters of districts, arrangements for 
food would have to be made beforehand, for only things like 
fowls, eggs, milk, rice, &c., can be purchased at the smaller 
stations. Indian servants can, however, always be procured 
who are accustomed to camp life, and who can take the greater 
part of the responsibility in making such arrangements. 

In a few cases the easily accessible sites near to lines of 
railway communication are situated in districts where there are 
European Indigo and other factories. This is especially the 
case in Bengal, where the line of totality actually passes through 
Tirhoot, &c. The managers and other European gentlemen in 
charge of such factories have a well-deserved reputation for 
almost boundless hospitality, and an observing party stationed in 
such a district would be certain of a warm and hearty welcome. 
The districts, however, in which European planters reside in 
India are, unfortunately for travellers, comparatively few. 
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THE BRITISH ASSOCIATION. 

Toronto, August 18. 

are now at the opening day of the meeting, and the various 
parties of members have converged upon Toronto from 
different directions. The President, the President-elect, and a 
number of others, including most of the sectional officers, crossed 
in the Parisian , leaving Liverpool on August 5. During the 
voyage an Anthropometrical Laboratory was opened, and the 
heads of the Parisians were duly measured and recorded. Tow- 
nets were worked continuously day and night from the Irish 
Sea to the St. Lawrence, so as to obtain a section across the 
plankton of the North Atlantic. 

Lord Lister, Sir John Evans, and the other members of the 
party from the Parisia?i visited Montreal on Monday, and met 
with a most cordial reception from the Governors, Principal and 
Fellows of the McGill University. After an address of welcome 
the party was taken round the splendidly equipped College 
laboratories, was entertained to luncheon, and was then taken 
for a drive round the town. Ottawa, with its Government 
experimental farm, its important Geological Museum, and its 
extensive timber-yards and saw-mills, was visited yesterday, 
when Prof. Robertson of the Agricultural Department, Prof. 
Bovey of McGill University, the Mayor of Ottawa, and some 
other citizens kindly enabled the visitors to see as much as 
possible in the time. 

Toronto, we have been told, owes its name to the Indians, 
who originally called it “a place of meetings.” To us it seems 
excellently suited for a place of meeting at the present day. 
The convenient system of electric tram-cars, the ample accom¬ 
modation for sectional and other meetings, the natural objects 
of interest around, the enthusiasm and hospitality of the in¬ 
habitants, combine to give all the necessary local elements for a 
successful meeting. 

The meeting, of course, will not be a very large one. The 
number is now about i ioo, which may be regarded as satisfactory. 
The Massey Hall, in which the presidential address and the 
evening lectures will be delivered, is a splendid building— 
probably unnecessarily large for the audience. The reception 
room and the sectional meeting rooms are located in the various- 
buildings of the University, surrounded by fine grounds. The 
Secretarium, in the same park, occupies the Wycliffe College, 
where Prof, and Mrs. Macallum act as hosts. In addition to 
private hospitality, there is a full list of garden-parties and 
excursions. The local authorities and the railway, steamboat 
and telegraph companies have with great liberality given 
abundant facilities for travel and intercommunication to their 
visitors from Europe. 

This afternoon a formal welcome will be given to the Associa¬ 
tion by his Excellency the Governor-General, and by the Mayor 
and Council of Toronto. We find that the presidential address, 
to-night, and the sectional addresses to-morrow, are being 
looked forward to by our hosts with keen interest. In order to 
enable those members who take a general rather than a special 
interest to hear as many of the presidential addresses as possible, 
the Sectional Committees have wisely, by re-arrangement of 
programmes, dovetailed the addresses so as to have less clashing 
than usual. For example, in the Biological Sections the address- 
in I will take place at 10.30, that in D at 11.30, while those of 
H and K have been postponed till the following forenoon. 

One hears in every section that the prospect of papers and 
interesting matter for discussion is good ; a fair number of papers 
are contributed by Canadians and Americans, and the work in 
several of the sections has distinct reference to the country in 
which we are meeting. W. A. Herdman. 


SECTION H. 

ANTHROPOLOGY. 

Opening Address by Prof. Sir William Turner, M.B., 
LL.D , D.C.L., D.Sc., F.R.SS., L. and E., President 
of the Section. 

Some Distinctive Characters of Human Structure . 

When the British Association for the Advancement of Science 
held its first Canadian meeting at Montreal in 1884, the subject 
of Anthropology, or the Science of Man, attained on that 
occasion for the first time the rank of an independent Section. 

It was presided over by the accomplished writer and learned 
anthropologist, Dr. E. B. Tylor, who selected as the subject- 
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matter of his opening address several prominent questions in 
Anthropology, with special reference to their American aspects. 
For example, the question of the presence of a stone age in 
America; whether the aborigines are descendants and repre¬ 
sentatives of man of the post-glacial period ; the question of the 
Asiatic origin of the American Indians, and the arguments 
derived from anatomical structure, language, and social frame¬ 
work, bearing upon this theory. The traces of Asiatic influence 
in the picture writings of the Aztecs, correspondences in the 
calendar cycles of Mexico and Central America with those of 
Eastern Asia, and the common use of certain games of chance 
were also referred to. 

It is not my intention, even had I possessed the requisite 
knowledge, to enlarge on the topics so ably discussed by my 
eminent predecessor. As my own studies have been more 
especially directed to the physical side of Anthropology, rather 
than to its archaeological, historical, philological, moral and social 
departments, I naturally prefer to call your attention to those 
aspects of the subject which have from time to time come 
within the range of my personal cognisance. I have selected 
as the subject of my address ‘ * Some Distinctive Characters of 
Human Structure/’ 

When we look at man and contrast his form and appearance 
with other vertebrate creatures, the first thing probably to 
strike us is his capability of assuming an attitude, which we 
distinguish by the distinctive term, the erect attitude. In this 
position the head is balanced on the summit of the spine, the 
lower limbs are elongated into two columns of support for stand¬ 
ing on two feet, or for walking, so that man’s body is perpen¬ 
dicular to the surface on which he stands or moves, and his 
mode of progression is bipedal. As a consequence of this, two 
of his limbs, the arms, are liberated from locomotor functions ; 
they acquire great freedom and range of movement at the 
shoulder-joint, as well as considerable movement at the elbow 
and between the two bones of the forearm ; the hands also 
are modified to serve as organs of prehension, which minister 
to the purposes of his higher intelligence. The erect position 
constitutes a striking contrast to the attitude assumed by fish, 
amphibia, and reptiles when at rest or moving, in which verte¬ 
brates the body is horizontal and more or less parallel to the 
surface on which they move. Birds, although far removed from 
the erect attitude, yet show a closer approximation to it than the 
lower vertebrates or even the quadrupedal mammals. But of all 
vertebrates, those which most nearly approximate to man in the 
position assumed by the body when standing and walking are the 
higher apes. 

The various adaptations of structure in the trunk, limbs, 
head, and brain which conduce to give man this characteristic 
attitude are essential parts of his bodily organisation, and 
constitute the structural test which one employs in answering 
the question whether a particular organism is or is not human. 

These adaptations of parts are not mere random arrangements, 
made at haphazard and without a common purpose; but are 
correlated and harmonised so as to produce a being capable of 
taking a distinctive position in the universe, superior to that 
which any other organism can possibly assume. If we could 
imagine a fish, a reptile, or a quadruped to be provided with 
as highly developed a brain as man possesses, the horizontal 
attitude of these animals would effectually impede its full and 
proper use, so that it would be of but little advantage to them. 
It is essential, therefore, for the discharge of the higher faculties 
of man, that the human brain should be conjoined with the 
erect attitude of the body. The passage of a vertebrate 
organism from the horizontal position, say of a fish, in which the 
back, with its contained spinal column, is uppermost, and the 
head is in front, to the vertical or erect position of a man, in 
which the back, with its contained spinal column, is behind, 
and the head is uppermost, may be taken as expressing the full 
range and limit of evolution, so far as the attitude is concerned, 
of which such an organism is capable. Any further revolution 
of the body, as in the backward direction, would throw the 
back downwards, the head backwards, and would constitute a 
degradation. It would not be an advance in the adaptation of 
structure to the duties to be discharged, but rather an approach 
to the relation of parts existing so generally in invertebrate 
organisms. 

At an early period in the evolution of the human mind and 
intelligence an anthropomorphic conception of the Deity arose, 
to whom were ascribed the possession of the bodily form and 
attitude of man, and even human affections and passions. This 
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idea took so firm possession of the imagination that, in the 
course of time, it obtained objective expression in the statues of 
ancient Greece and Rome and in the masterpieces of Christian 
art. In one of the most ancient of all books, in which is 
embodied the conception entertained by the Jewish writers of 
the Genesis of the world, and of all creatures that have life, 
we read that “ God created man in His own image, in the image 
of God created He him, male and female created He them.” By 
the association, therefore, of the human form with the idea of 
Deity, there was naturally present in the minds of these writers, 
although not expressed in precise anatomical language, a full 
recognition of the dignity of the human body, of its superiority 
to that of all other creatures, and that the human form was the 
crown and glory of ail organic nature. 

This conception of the dignity of man in nature is not confined 
to those writings which we are accustomed to call sacred. The im¬ 
mortal Greek philosopher and naturalist, Aristotle, in his treatise 
“On the Parts of Animals,”'composed at least three hundred 
years B.c., refers more than once to the erect attitude of man, and 
associates it with his “ God-like nature and God-like essence.” 
In the second century of our present era lived another Greek 
author, Claudius Galen, whose writings exercised for many cen¬ 
turies a dominating influence in medicine and anatomy, com¬ 
parable to that wielded by Aristotle in philosophy. Although 
Galen, as has been shown by Vesalius and other subsequent 
anatomists, was often incorrect in his descriptions of the internal 
parts of the human body, doubtless because his opportunities 
of dissection were so scanty, he had attained a correct concep¬ 
tion of the perfection of its external form, and he thoroughly 
understood that in its construction it was admirably fitted for 
the sentient and intelligent principle which animated it, and of 
which it was merely the organ. In his treatise on the use of the 
various parts of the body he associates the hand with the exercise 
of the gift of reason in man, and he speaks of it as an instrument 
applicable to every art and occasion, as well of peace as of war. 
It is, he says, the best constructed of all prehensile organs, and 
he gives a careful description of how both the hand as a whole 
and the individual digits, more especially the thumb, are brought 
into use in the act of grasping. 1 Galen does not indeed enter 
into the minute anatomical details which have been emphasised 
by more recent writers on the subject, but by none of these has 
the use of the hand and its associations with man’s higher intelli¬ 
gence been more clearly and more eloquently expressed than by 
the Greek physician and philosopher seventeen centuries ago. 

By the publication in 1859 of Charles Darwin’s ever-memorable 
treatise “ On the Origin of Species,” an enormous impulse was 
given to the study of the anatomy of man in comparison with the 
lower animals, more especially with the apes. By many anato¬ 
mists the study was pursued with the view of pointing out the 
resemblances in structure between men and apes; by a .more 
limited number to show wherein they did not correspond. I 
well remember a course of lectures on the comparative characters 
of man delivered thirty-five years ago by my old master, Prof. 
John Goodsir, in which, when speaking of the hand of man and 
apes, he dwelt upon sundry features of difference between them. 
The human hand, he said, is the only one which possesses a 
thumb capable of a free and complete movement of opposition. 
It may be hollowed into a cup and it can grasp a sphere. . It is 
an instrument of manipulation co-extensive with human activity. 
The ape’s hand again is an imperfect hand, with a short and 
feeble thumb, and with other clearly defined points of difference 
and inferiority to that of man. It can embrace a cylinder, as 
the branch of a tree, and is principally subservient to the arboreal 
habits of the animal. Its fingers grasp the cylinder in a series of 
spirals. _ . 

Here then is an important difference in the manipulative 
arrangements of the two hands, the advantage^ being with the 
hand of man, in regard to the greater variety of movement and 
adaptability, to co-ordinate it with his reasoning faculties. As 
showing the acuteness of perception of Galen and his complete 
recognition of a fundamental feature of the human hand, he also 
dwells on the hand being able to form a circle around a sphere, 
so as to grasp it on every side, and to touch it with every part of 
itself, whilst it can also securely hold objects that possess plane 
or concave surfaces. So impressed was the old Greek writer 
with the fitness of the hand to discharge the duties imposed on 

1 See passages translated in Dr. Kidd’s “ Bridgewater Treatise, 1833, and 
Dr. J. Finlayson’s “ Essay on Galen,” Glasgow, 1895. . „ , 

•2 “On the Dignity of the Human Body,” in “Anatomical Memoirs, by 
John Goodsir, vol. i. p. 238, Edinburgh, 1868. 
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it by the higher intelligence of man that, pagan though he was, 
he regarded its construction as evidence of design in nature, and 
as a sincere hymn to the praise and honour of the Deity. 

It is not my intention to dwell upon the multitudinous details 
of those features of structure which distinguish man from other 
vertebrates, for these have been considered and described by 
numerous writers. The leading structural differentiae constitute 
the merest commonplaces of the human anatomist, and are 
already sufficiently imprinted on the popular mind. But it may 
not be out of place to refer to certain aspects of the subject which 
are not so generally known, and the significance of which has 
been brought into greater prominence by recent researches. 

If we compare the new-born infant with the young of verte¬ 
brates generally, we find a striking difference in its capability of 
immediately assuming the characteristic attitude of the species. 
A fish takes its natural posture and moves freely in its element 
as soon as it is hatched. A chicken can stand and walk when it 
is liberated from the egg, though, from its wings not being de¬ 
veloped, it is not at once able to fly. A Iamb or calf can assume 
the quadrupedal position a few minutes after its birth. But, as 
we all know, the infant is the most helpless of all young verte¬ 
brates, and is months before it can stand on two feet and move 
freely on them. During the period of transition, from the stage 
of absolute dependence on others to the acquisition of the power 
of bipedal progression, important modifications in the structural 
arrangements both of the spine and lower limbs have to take 
place. At the time of birth the infant’s spinal column exhibits 
only two curves; one, corresponding to the true vertebrae, ex¬ 
tends from the upper end of the neck to the lowest lumbar 
vertebra, and the concavity of its curve is directed forwards; 
the other and shorter corresponds to the sacro-coccygeal region, 
and also has its concavity directed forwards. In the number and 
character of the curves, the new-born infant differs materially 
from the adult man, in whose spine, instead of one continuous 
curve from the neck to the sacrum, there are alternating curves, 
one convex forwards in the region of the neck, succeeded by one 
concave forwards in the region of the chest vertebrae, which again 
is succeeded by a marked convexity forwards in the vertebrae of the 
loins. The sacro-coccygeal region continues to retain the forward 
concavity of the new-born child. The formation and preserva¬ 
tion of this alternating series of curves is associated with the 
assumption of the erect attitude, and the development of the 
lumbar convexity is correlated with the straightening of the lower 
limbs when the child begins to walk. 1 

When the child is born, the curvature of its spine in the dorso- 
lumbar region approximates to that of an ordinary quadruped in 
which there is no lumbar convexity, so that the spine in that 
region presents one continuous curve concave forwards. For 
some time after its birth the infant retains the quadrupedal 
character of the spinal curve in the dorso-lumbar region, and, as 
it acquires nervous and muscular power and capability of inde¬ 
pendent movement, its mode of progression in the early months 
by creeping on hands and knees approximates to that of the 
quadruped. It is only after it has attained the age of from a 
year to sixteen months that it can erect its trunk, completely ex¬ 
tend the hip and knee joints, and draw the leg into line with the 
thigh, so as to form a column of support, which enables it to 
stand or move about on two feet. Hence there is this great 
difference between the young of a quadruped and that of a man, 
that whilst the former is born with the dorso-lumbar curve 
proper to its attitude, and which it retains throughout life, the 
child does not possess, either when born, or for some months 
after its birth, the characteristic spinal curves of the man. These 
curves are therefore secondary in their production ; they are 
acquired after birth, and are not imprinted on the human spine 
from the beginning, though the capability of acquiring them at 
the proper time is a fundamental attribute of the human 
organism. 2 

It has sometimes been assumed that the acquisition of the erect 
attitude by the young child is due to the fostering care of the 
mother or nurse ; that it is a matter of training, encouragement 
and education, without which the child would not raise itself 
upon its feet. I cannot, however, agree with this opinion. If 
one could conceive an infant so circumstanced that, though duly 
provided with food fitted for its nutrition and growth, it should 
never receive any aid or instruction in its mode of progression, 

1 Prof. Cleland, in Reports of British Association, 1863, p. 112. 

In his work on the *■ Origin and Progress of Language” (vol. i. p. 173, 
Edinburgh, 1773), Lord Monboddo held that the erect position in man is an 
acquired habit, and, like speech, is acquired with difficulty and as the result 
of training. 
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there can, I think, be little doubt that when it had gained 
sufficient strength it would of itself acquire the erect attitude. 
The greater growth in length of the lower limbs, as compared 
with the upper, would render it inconvenient to retain the 
creeping or the quadrupedal position. 

We cannot lose sight of the important influence which, alto¬ 
gether independent of education, is exercised by parents on their 
offspring. The transmission of hereditary qualities, through the 
germ from which each individual organism is derived, is one of 
the fundamental and most striking properties of the germ plasm. 
Characters and peculiarities which appertain not only to the 
family of which the individual is a member, but also to the 
species to which he belongs, are conveyed through it from one 
generation to another. Hence, as the capability of assuming 
the erect attitude and of thus standing and moving on two feet 
1 have been attributes of the human form from its beginning, there 
can be little doubt that this power is potential in the human 
organism at the time of birth, and only requires a further de¬ 
velopment of the nervous and muscular systems to become a 
reality, without the aid of any special training. 

The spinal column in the region of the true vertebrae consists 
of numerous bones joined together, and with discs of soft fibro- 
cartilage interposed between and connecting the bodies of ad¬ 
joining vertebrae with each other. It is to their presence that 
the spinal column owes its flexibility and elasticity. These discs 
are larger and thicker in the region of the loins, where the lum¬ 
bar convexity is situated, than in any other parts of the column, 
and there can be no doubt that the acquisition of this convexity 
is intimately associated with the presence of these discs. 

It is a matter for observation and consideration to what ex¬ 
tent the bodies of the vertebrae contribute to the production of 
this curve. A few years ago Prof. Cunningham, of Dublin, 1 and 
I 2 undertook much about the same time researches into the 
form and dimensions of the bodies of these bones. Our observ¬ 
ations were made independently of each other and on two dif¬ 
ferent series of skeletons, and as we arrived at practically the 
same conclusions, we may, I think, infer that, in their main, 
features at least, these conclusions are correct. 

The method followed in the investigation was to measure the 
diameter from above downwards of the body of each of the five 
lumbar vertebrae, both in front and behind. If the upper and 
lower surfaces of the bodies of the vertebrae were parallel to 
each other, it is obvious that, so far as they are concerned, the 
column formed by them would be straight, as is the case of a 
column built of hewn stones possessing similar parallel surfaces. 
But if the surfaces are not parallel, the body of the vertebrae is 
wedge-shaped ; should the front of the collective series of bones 
have a greater vertical diameter than the back, it is equally 
obvious that the column would not be straight, but curved, and 
with the convexity forwards. From the examination of a consider¬ 
able number of spinal columns of Europeans, we found that, 
although the vertical diameter of the bodies of the two highest 
vertebras was greater behind than in front, in the two lowest the 
anterior vertical diameter so greatly preponderated over the pos¬ 
terior that the anterior vertical diameter of the bodies of the 
entire series of lumbar vertebrae in each spine was collectively 
greater than the corresponding diameter of the posterior surface- 
in twelve European skeletons I observed that the mean dif¬ 
ference was between 5 and 6 mm. in favour of the anterior 
surface. If we are to regard the collective vertical diameter 
anteriorly of the five bones as equal to 100, the same diameter 
posteriorly is only equal to 96, which may be regarded as the 
lumbar index in Europeans. Dr. Cunningham obtained a similar 
index from the examination of a much larger number of Euro¬ 
pean skeletons, and he further showed that in women the lumbar 
convexity forwards is more pronounced than in men. It follows, 
therefore, from these observations, that when the broad end of 
the wedge-shaped bodies is in* front the bones themselves 
would by their form give a forward convexity to the spine in the 
lumbar region. But a similar wedge-shaped form is also pos¬ 
sessed by the lower intervertebral discs in this region, and 
especially by that interposed between the last lumbar vertebrae 
and the sacrum. Hence it follows that both vertebral bodies 
and intervertebral discs contribute in the white races to the pro¬ 
duction of the lumbar convexity. 

When we pass to the examination of the corresponding region 
in the spines of those races of men that we are accustomed to call 

1 “ The Lumbar Curve in Man and the Apes,” Cunningham, Memoirs of 
the Royal Academy , Dublin, 1886. 

2 ‘ 5 Report on Human Skeletons,” “ Challenger Reports," Part xlvii., 
1886. 
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lower races, we find a remarkable and important difference. 
Let us take as a characteristic example of a lower race the abori¬ 
gines of Australia. In their skeletons our observations have 
proved, that the vertical diameter of the bodies of the five lumbar 
vertebrae was collectively deeper behind than in front. In my 
series of skeletons the mean difference was between 6 and 7 mm. 
in favour of the posterior surface, so that they possessed the op¬ 
posite condition to that which prevails in Europeans. Hence if 
the spine had been constructed of vertebrae only, instead of 
a lumbar convexity, the column would have possessed a forward 
concavity in that region. For this character, as shown in the 
skeleton only, I have suggested the descriptive term “ Koilo- 
rachic. ” 

We know, however, that elastic discs are intercalated between 
the bodies of the osseous vertebrae in the black races as well as 
in Europeans. It is necessary, therefore, to examine their 
spinal columns, when the intervertebral discs are in position, 
in order to obtain a proper conception of the character of the 
curve in the living man. 

A few years ago Prof. Cunningham had the opportunity of 
studying the spinal column of an aboriginal Australian, 1 in 
which the intervertebral discs had been preserved in their proper 
position, in relation to the bones, without losing their flexibility, 
or their natural shape and thickness. He found that, whilst the 
bodies of the lumbar vertebrae were longer than in Europeans, 
the proportion of intervertebral disc to vertebral body was 
distinctly less, so that the disc appeared to be reduced in depth, 
in relation to the greater vertical diameter of the vertebral body. 
Notwithstanding this difference, as compared with the white 
man, the Australian spine had a marked lumbar convexity which 
showed no material difference from that seen in Europeans. As 
the lumbar curve was not due to the wedge-shaped form of the 
bodies of the vertebrae, it was therefore produced solely by the 
strong wedge-shape of the intervertebral discs, and was not, as 
in Europeans, a product of a combination of both these factors. 
The spinal column, when complete, is not therefore koilorachic 
in the lumbar region. 

The greater vertical diameter of the bodies of the lumbar 
vertebrae behind them in front, as compared with Europeans, is 
not limited to the Australia ns, but is participated in by other 
black races, as the now extinct Tasmanians, the Bushmen, An¬ 
daman Islanders, and Negroes, which, if tested solely by the 
measurements of the skeleton, would also be koilorachic. But 
in these races intervertebral discs are also present, and there 
•can be no doubt that through the compensating influence of the 
wedge-shaped discs, with their deeper ends in front, the lumbar 
curve is in them also convex forwards. It is clear, therefore, 
that in the black races the intervertebral discs play relatively a 
more important part in the production of the lumbar curve than 
in Europeans. 

One of the acquirements of civilisation is the wearing of 
clothes, and fashion frequently prescribes that they should be 
tight-fitting and calculated to restrict motion in and about the 
spinal column. In savage races, on the other hand, clothing is 
often reduced to a minimum, and when worn is so loose and easy 
as in no way to hamper the movements of the body. The spinal 
column retains therefore in them much more flexibility, and 
permits the greater measure of freedom in the movements of the 
trunk, which is found in savage man, and has often been referred 
to by travellers. 

It used to be considered that the possession of a lumbar con¬ 
vexity in the spinal column was the exclusive privilege of man, 
and was shared in by no other vertebrate. There can be no 
doubt that it attains a marked development in the human spine, 
and as such is associated with the erect posture. But the ob¬ 
servations of Cunningham on the spinal column of apes, more 
especially the anthropoid group, made in fresh specimens, in 
which the intervertebral disfcs were in place, have proved 
that in the Chimpanzee the lumbar convexity is probably as 
strongly pronounced as in the adult man. In a Chimpanzee, 
two years old, the development is more advanced than in a 
child of the same age. The lumbar convexity is established 
at an earlier age than in the child, for it would seem as if 
the Chimpanzee attained its maturity at a younger period of 
life than the human being. In the Orang the lumbar curve 
is more feeble than in Man and the Chimpanzee, and in the 
specimen described by Cunningham resembled that of a boy 
six years old. In a fresh specimen of the Gibbon, examined 

l Proc. Roy. Soc. London , January 24, 1889, vol. xlv.; also see Journal 
0/Anatomy and Physiology , vol. xxiv. 1890. 
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by the same anatomist, the lumber curve was intermediate be¬ 
tween the Chimpanzee and the Orang. 

In 1888, I purchased the bones of an adult male Gorilla, in 
which the vertebrae were in position and connected together by 
the dried intervertebral discs. This condition is of course not so 
satisfactory, for the study of the spinal curves, as if the specimen 
had been fresh, and with the discs retaining their natural flexi¬ 
bility and elasticity. But it was quite obvious that the spine 
possessed an alternating series of convex-concave curves from 
above downwards. The cervical and lumbar convexities, more 
especially the latter, did not project so far forwards as in man, 
and the dorsal concavity was not so deep. The most projecting 
part of the lumbar convexity was at the junction of the bodies 
of the third and fourth lumbar vertebras and their intermediate 
disc. A vertical line drawn downwards from the most pro¬ 
minent part of this convexity fell in front of the coccyx. When 
prolonged upwards it passed in front of the bodies of the dorsal 
vertebrae, and intersected the body of the sixth cervical vertebra, 
so that the bodies of the vertebrae, higher than the sixth, were 
directed obliquely from below upwards and forwards in front of 
the vertical line. 

The dried state of the discs did not enable one to determine 
precisely the proportion in which they entered into the formation 
of the length of the column, but the vertical diameter of the 
interlumbar and lumbo-sacral discs was obviously not as great 
as in the human spine. On the other hand, the vertical diameter 
of the bodies of the lumbar vertebrae was greater than in man, 
so that the length of the lumbar spine, and possibly its degree 
of convexity, were due more to the bodies of the vertebrae than 
to the elastic discs interposed between them. The Gorilla 
corresponds with the Chimpanzee in having longer vertebral 
bodies and shorter intervertebral discs than in man. 

Without going into the question whether a lumbar convexity 
exists in the tailed monkeys, the determination of which with 
precision is a matter of some difficulty, it must be obvious that 
the presence of this convexity can no longer be regarded as the 
exclusive prerogative of man. It undoubtedly forms an im¬ 
portant factor in the study of the erect attitude ; but in order 
that man should acquire and be able to retain his distinctive 
posture, something more is necessary than the possession of a 
spinal column with a curve in the lumbar region convex for¬ 
wards. 

Our attention should now be directed to the lower limbs, 
more especially to the two segments of the shaft, which we call 
thigh and leg. 

If we look at a quadruped we see that the thigh is bent on 
the trunk at the hip joint, and that the leg is bent on the thigh 
at the knee joint ; whilst the foot forms more or less of an angle 
with the leg, and the animal walks either on the soles of its 
feet or on its toes. In the Anthropoid apes there is also distinct 
flexure both of the hip and knee joints, so that the leg and thigh 
are set at an angle to each other, and the foot is modified, 
through a special development of the great toe, into an organ 
of prehension as well as of support. When we turn to the 
human body we find that in standing erect the leg and thigh are 
not set at an angle to each other, but that the leg is in line 
with and immediately below the thigh, that both hip and knee 
joints are fully extended, so that the axis of the shaft of the 
lower limb is practically continuous with the axis of the spine. 
The foot is set at right angles to the leg, and the sole is in 
relation to the ground. The vertical axis of the shaft of the 
lower limb, the extended condition of the hip and knee joints, 
and the rectangular position of the foot to the leg are therefore 
fundamental to the attainment of the erect attitude of man. 

In narratives of travel by those who have studied the Penguins 
in their native habitats, you may read that these birds may be 
seen standing on the rocks on the coasts which they frequent, 
in rows, like regiments of soldiers, and the idea has become 
implanted in the minds of many that they can stand erect. 
Even so accomplished a writer and acute a critic as the late 
Mr. G. H. Lewes thought that the Penguins had the vertical 
attitude when standing, and that some mammals, as the Jerboa 
and Kangaroo, very closely approached to it. The attitude of 
man was, he considered, merely a question of degree, and did 
not express a cardinal distinction. 1 

In arriving at this conclusion, however, only the external 
appearance of the birds and mammals referred to by him can 
have been looked at. If the skin and flesh be removed, and 

1 Aristotle, ‘‘A Chapter from the History of Science,” p. 309, London 
1864. 
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the arrangement of the constituent parts of the skeleton be 
studied, it will be seen that the axis of the spine in them, 
instead of being vertical, is oblique, and that there is no proper 
lumbar convexity ; that the hip and knee joints, so far from 
being extended, are bent; that the thigh is not in the axis of 
the spine, and that the leg, instead of being in a vertical line 
with the thigh, is set at an acute angle to it. The so-called 
vertical attitude therefore in these animals is altogether decep¬ 
tive. It does not approximate to, and can in no sense be looked 
upon as equivalent to, the erect attitude in man. 

We may now consider what agents come into operation in 
changing the curve of the spine from the concavity forwards, 
found in the new-born infant, to the alternating series of curves 
so characteristic of the adult. The production of the lumbar 
convexity is, without doubt, due to structures associated with 
the spine, the pelvis and the lower limbs, whilst the cervical 
convexity is due to structures acting on the spine and the head. 

There can, I think, be little doubt that muscular action plays 
a large part in the production of the cervical and lumbar con¬ 
vexities. The study of the muscles, associated with and 
connected to the spinal column, shows that large symmetrically 
arranged muscles, many of which are attached to the neural 
arches and transverse processes of the vertebrae, extend longi¬ 
tudinally along the back of the spine, and some of them reach 
the head. On the other hand, those muscles which lie in front 
of the spine, and are attached to the vertebrae, are few in 
number, and are practically limited to the cervical and lumbar 
regions, in which the spine acquires a convexity forwards. 

It has already been pointed out that the formation of the 
lumbar convexity is correlated with the power of extending the 
hip joints and straightening the lower limbs. When these joints 
are in the position of extension, an important pair of muscles 
called the “psoae,” which reach from the small trochanter of 
the femur to the bodies and transverse processes of the lumbar 
vertebrae, are in a' state of tension. In the act of extending 
the hip joints so as to raise the body to the erect position, the 
opposite ends of these muscles are drawn asunder, and the 
muscles are stretched and elongated, so that they necessarily 
exercise traction upon the lumbar spine. Owing to its flexibility 
and elasticity, a forward convexity is in course of time produced 
in it in this region. By repeated efforts the convexity becomes 
fixed and assumes its specific character. 

Along with the changes in the spinal column, a modification 
also takes place in the inclination of the pelvis during the ex¬ 
tension of the hip joints and the straightening of the lower 
limbs. The muscle called “iliacus” is conjoined with the 
psoas at its attachment to the small trochanter, but instead of 
being connected to the spinal column by its upper end, it is 
attached to the anterior surface of the ilium. It exercises traction 
therefore on that bone, draws it forwards and increases the 
obliquity of the pelvic brim. This in its turn will react on the 
lumbar spine and assist in fixing its convexity. 

By some anatomists great importance has been given to the 
“ilio-femoral band,” situated in the anterior part of the capsular 
ligament of the hip joint, as causing the inclination of the pelvis, 
and in promoting the lumbar curve. This band is attached by 
its opposite ends to the femur and the ilium. As the hip joint 
is being extended, the ends are drawn further apart, the band 
is made tense, and the ilium might in consequence be drawn 
upon, so as to affect the inclination of the pelvis. As the liga¬ 
ment has no attachment to the spinal column, it cannot draw 
directly on it, but could only affect it indirectly through its iliac 
connections. It can therefore, I think, play only a subordinate 
part in the production of the lumbar curve. 

Contemporaneous with the straightening of the lower limbs 
and the extension of the hip joints, the spinal column itself is 
elevated by muscles of the back, named “erectores spinse,” 
which, taking their fixed points below, draw upon the vertebrae 
and ribs and erect the spine. The lumbar convexity is the form ■ 
of stable equilibrium which the flexible spinal column tends to 
take under the action of the muscular forces which pull upon it 
in front and behind. It is probably due to the fact that the 
average pull, per unit of length, of the psote muscles attached 
in front is greater than the average pull, per unit of length, of 
the muscles attached behind in the same region. 

The muscles which lie on the back of the neck and which are 
attached to the occipital part of the skull, when brought into 
action, will necessarily affect the position of the head. The 
new-born infant has no power to raise the head, which is bent 
forward, so that the chin is approximated to the chest. As it 
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acquires strength the head becomes raised by the muscles of the 
back of the neck, and the flexible spine in the cervical region 
loses its primary curve, concave forwards, and gradually assumes 
the cervical convexity. The formation of this curve is, I be¬ 
lieve, assisted by the anterior recti muscles, the lower ends of 
which are attached to the front of the vertebrae, whilst their upper 
ends are connected to the basi-occipital. In the elevation of the 
head the opposite ends of the muscles are drawn apart, which 
would exercise a forward traction upon the cervical vertebrae. 
The production of the cervical convexity precedes the formation 
of the lumbar curve, for an infant can raise its head, and take 
notice of surrounding objects, months before it can stand upon 
its feet. 

We shall now look at the bones in the thigh and leg, which 
possess characters that are distinctively human, and which are 
associated with the erect posture. These characters can be 
more clearly recognised when the bones are contrasted with the 
corresponding bones of the large Anthropoid apes. 

As compared with the ape, the shaft of the human thigh bone 
is not so broad in relation to its length; when standing erect 
the shaft is somewhat more oblique, it is more convex forwards 
and generally more finely modelled, and it has three almost equal 
surfaces, the anterior of which is convex. But, further, a strong 
ridge (linea aspera) extends vertically down its posterior surface; 
so that a section through the shaft is triangular, with the two 
anterior angles rounded and the posterior prominent. In the 
Gorilla, Chimpanzee, and Orang, the shaft is flattened from 
before backwards, and the linea aspera is represented by two 
faint lines, separated from each other by an intermediate narrow 
area. A section through the shaft approximates to an ellipse. 
In the Gibbon the femur is greatly elongated, and the shaft is 
smooth and cylindriform. The linea aspera is for the attach¬ 
ment of powerful muscles, which are more closely aggregated 
in man than in apes, so that the human thigh possesses more 
graceful contours. 

In the human femur the shaft is separated from the neck by a 
strong anterior intertrochanteric ridge, to which is attached the 
ilio-femoral ligament of the hip joint, which, by its strength 
and tension, plays so important a part in keeping the joint ex¬ 
tended when the body is erect. In the Anthropoid apes this 
ridge is faint in the Gorilla, and scarcely recognisable in the 
Orang, Gibbon, and Chimpanzee, and the ilio-femoral ligament 
in them is comparatively feeble. It may safely therefore be 
inferred that in apes, with their semi-erect, crouching attitude, 
the ilio-femoral band is not subjected to, or capable of sustaining, 
the same strain as in man. 

The head of the thigh bone is also distinctive. In the 
apes the surface covered by cartilage is approximately a 
sphere, and is considerably more than a hemisphere. It is 
sharply differentiated from the neck by a definite boundary, 
and it has a mushroom-like shape. In man the major part of 
the head is also approximately a sphere ; but, in addition, there 
is an extension outwards of the articular area on the anterior 
surface and upper border of the neck of the bone. The form of 
this extended area differs from the spherical shape of the head 
in general. The curvature of a normal section of its surface 
has a much larger radius than the curvature of a normal section 
of the head, near the attachment of the ligamentum teres. 

The amount of this extended area varies in different femora, 
but as a rule it is larger and more strongly marked in Europeans 
than in the femora of some savages which I have examined. 
When the joint is in the erect attitude, the area is in contact with 
the back of the iliac part of the ilio-femoral ligament. It 
provides a cartilaginous surface which, during extension of the 
joint, is not situated in the acetabulum, but, owing to the centre 
of gravity falling behind the axis of movement, is pressed against 
that ligament, and contributes materially to its tension. It is 
associated with the characteristic position of the human hip 
joint in standing, and may be called appropriately the extensor 
area. When the femur is abducted it passes within the acet¬ 
abulum, The head of the femur in man is not so sharply 
differentiated from the neck as in the Anthropoid apes, especially 
in the region of the extensor articular area. 

Both man and apes possess at the lower end of the femur a 
trochlear or pulley-like surface in front for the patella, and two 
condyles for the tibia. In the apes the trochlea is shallow, and 
the concave curve from side to side is a segment of an approxi¬ 
mate circle, with a large radius. In man the trochlea is much 
deeper, and the inner and outer parts of the curve deviate con¬ 
siderably from a circle, and are not symmetrical; the outer part 
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is wider and extends higher on the front of the bone than the 
inner part, whilst the direction of the curve changes towards the 
edges of the trochlea. 

In the apes the articular surface of the inner condyle is very 
markedly larger than that of the outer condyle, both in breadth 
and in the extent of its backward curve, which winds upwards on 
the posterior part of the condyle, so that the articular surface is 
continued on to its upper aspect. The curve of the outer con¬ 
dyle is much sharper, and the condyle does not project so far 
backwards ; its articular surface is not prolonged so high on the 
back of the bone. In the apes, therefore, the inner is the more 
important condyle in the construction of the knee joint, and the 
marked extension of its articular area backwards and upwards 
is associated with the position and movements of the knee in 
flexion. In the ape the thigh is more rotated outwards than 
in man, and the inner condyle is directed tp the front of the 
limb. 

In man there is not nearly the same disproportion in the size 
of the two condyles as in the apes. I have occasionally seen 
in man the articular area of the inner broader than that of the 
outer condyle, but more usually the outer is appreciably wider. 
The backward curve of the outer condyle is also prolonged some¬ 
what higher than that of the inner, and thus the condition of 
the two condyles is the reverse of that found in the ape. It 
should, however, be stated, as has been shown by Dr. Havelock 
Charles (Journal of Anatomy and Physiology , vol. xxviii.), 
that in persons, who habitually rest in the squatting position, an 
upward extension of the articular area of the inner condyle exists, 
which is associated with the acute flexion of the knee whilst 
squatting. In man, the outer condyle, when seen in profile, is, 
as compared with the inner, more elongated antero-posteriorly 
than in the Gorilla. The approximate equality in the size of the 
two condyles in man is, without doubt, associated with the 
extension of the knee joint in the erect attitude, and with the 
more equable distribution of the weight of the body downwards 
on the head of the tibia. In the ape the intercondylar fossa, in 
relation to the size of the bones, is wider in front than in man ; 
but it is wider behind in man than in the ape, for in the latter 
the inner condyle inclines nearer to the outer condyle than 
in man. 

In man, when the knee joint is extended, the tibia is slightly 
rotated outwards on the femoral condyles, and the joint is fixed, 
partly by the tension of the lateral and posterior ligaments and 
the interior crucial ligament, and partly by the general tension of 
the muscles and fasciae around the joint. So long as these 
structures remain tense, the joint cannot be bent, and no lateral 
movement, or rotation, is permitted. The fixation of the joint 
is of fundamental importance in the act of standing. Free rota¬ 
tion of the human knee can only take place when the joint is 
acutely bent. 

In apes, the joint cannot be fully extended ; its natural posi¬ 
tion, when the animal is standing, is partial flexion, and in this 
position a limited rotation is permitted, which can be greatly 
increased when the joint is more completely bent. In rotating 
the leg on the thigh the inner condyle is apparently the pivot. 
The rotation facilitates the use of the foot as an organ of prehen¬ 
sion, and assists the ape to turn the sole inwards and forwards 
when holding an object. These movements produce results, 
which approximate to those occasioned by pronation and supina¬ 
tion of the radius on the ulna, in the movements of the forearm 
and hand. 

In the Anthropoid apes, the head of the tibia slopes very 
decidedly backwards at the upper end of the shaft, so that its 
axis forms an angle.with that of the shaft, and the head may be 
described as retroverted. If the shaft of the tibia were held 
vertically, the articular surface for the inner condyle would also 
slope downwards and backwards, and to a greater degree than 
that for the outer condyle. But in the natural semiflexed position 
of the ape’s knee the condylar articular surfaces of the tibia are 
essentially in the horizontal plane. 

In the human tibia the axis of the head is, as a rule, almost in 
line with that of the shaft, and the backward and downward 
slope of the inner articular surface is not so great as in the ape. 
In some human tibise, however, well-marked retroversion of the 
head has been seen. In skeletons referred to the Quaternary 
period of the geologist, this character has been noticed by MM. 
Collignon, Fraipont, and Testut, and the inference has been 
drawn that the men of that period could not extend the knee 
joint and walk as erect as modern man. It has, however, been 
shown by Prof. Manouvrier {.Mimoires de la Societe d’Anlhro- 
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pologie de Paris , 1890) and Dr. Havelock Charles (Journal of 
Anat 07 ?iy and Physiology , vol. xxviii.) that this condition of the 
tibia is not uncommon in some races of men, in whom there 
can be no question that the attitude is erect when standing. 
Dr. Charles has associated the production of retroversion to the 
habit in these races of resting on the ground in the position of 
squatting. I have found in the tibiae of the people of the 
Bronze Age that retroversion of the head of the tibia is not un¬ 
common. In five specimens the backward slope of the head 
formed with the vertical axis of the shaft an angle which ranged 
in the several bones from 20° to 30°. But when these tibiae were 
put into the erect position alongside of similarly placed modern 
European bones, the condylar articular surfaces were seen to 
approximate to the horizontal plane in all the specimens. In 
order, therefore, that retroversion of the head of the tibia 
should be associated with inability to extend the knee joint, it 
is obvious that the articular surfaces should have a marked slope 
downwards and backwards, as is the case in the Anthropoid 
apes, when the shaft of the tibia is held in a vertical plane. 

I shall now proceed to the examination of the human foot 
(pes), and in order to bring out more clearly its primary use as 
an organ of support and progression, I shall contrast it with the 
human hand (manus) and with the manus and pes in apes. In 
man, while standing erect, the arched sole of the foot is 
directed to the ground, and rests behind on the heel and in 
front on pads, placed below and in line with the metatarso¬ 
phalangeal joints, the most important of which is below the 
joint associated with the great toe. It is therefore a plantigrade 
foot. The great toe (hallux) lies parallel to the other toes, and 
from its size and restricted movements gives stability to the 
foot. 

The ape’s foot agrees with that of man in possessing similar 
bones and almost similar soft parts ; but it differs materially as 
to the uses to which it can be put. Some apes can undoubtedly 
place the sole upon the ground, and in this position use the foot 
both for support and progression; though the Orang, and to 
some extent other Anthropoid apes, rest frequently upon the 
outer edge of the foot. But in addition these animals can use 
the foot as a prehensile organ like the hand. The old anatomist 
Tyson, in his description of a young Chimpanzee (“ Anatomy of 
a Pygmie,” 1699, p. 13), spoke of the pes as ‘Hiker a hand than 
a foot” and introduced the term “quadrumanous,” four- 
handed, to designate this character. This term was adopted by 
Cuvier and applied by him to apes generally, and has long been 
in popular use. The eminent French anatomist was, however, 
quite alive to the fact that though the pes was capable of being 
used as a hand, yet that it was morphologically a foot, so that 
the term was employed by him to express a physiological 
character. 

In the ape, the great toe, instead of being parallel to the 
other toes as in man, is set as an angle to them, not unlike the 
relation which the thumb (pollex) bears to the fingers in the 
human hand. It is able, therefore, to throw the hallux across 
the surface of the sole in the prehensile movement of opposition. 
As it can at the same time bend the other toes towards the sole, 
it also has the power of encircling an object more or less com¬ 
pletely with them. By the joint action of all the toes a power¬ 
ful grasping organ is produced, more important even than its 
hand, in which the thumb is feebly developed. 

It has sometimes been assumed that the human foot is also a 
prehensile instrument as well as an organ of support. In a 
limited sense objects can undoubtedly be grasped by the 
human toes when bent towards the sole. In savages, this power 
is preserved to an extent which is not possible in civilised man, 
in whom, owing to the cramping, and only too frequently the 
distorting influence, exercised by badly fitting boots and shoes, 
the proper development of the functional uses of the toes is im¬ 
peded and their power of independent movement is often de¬ 
stroyed. 

Even in savages who have never worn shoes, the power of 
grasping objects by the toes cannot be regarded as approximately 
equal in functional activity and usefulness to the range of move¬ 
ment possessed by the ape. The four outer toes are so short 
and comparatively feeble, that they cannot encircle an object of 
any magnitude. But, what is even more important, the great 
toe cannot be opposed to the surface of the sole, in the way 
that an ape can move its hallux or a man his thumb. Savage 
man can no doubt pick up an object from the ground with the 
great toe. Many of us have doubtless seen, among civilised 
men, persons who have had the misfortune to be born without 
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arms, or who have accidentally lost them in early life, who have 
trained themselves to hold a pen, pencil, brush, or razor with 
the foot, and to write, draw, paint, or even shave. But in 
these cases the object is held between the hallux and the toe 
lying next to it, and not grasped between the great toe and the 
sole of the foot by a movement of opposition. 

If we compare the anatomical structure of the human foot 
with that of the foot of the ape, though the bones, joints, and 
muscles are essentially the same in both, important differences 
in arrangement may be easily recognised, the value of which 
will be better appreciated by first glancing at the thumb. Both 
in man and apes the thumb is not tied to the index digit by an 
intermediate ligament, which, under the name of “ transverse 
metacarpal,” binds all the fingers together, and restricts their 
separation from each other in the transverse plane of the hand. 
The great toe of the ape, similarly, is not tied to the second 
toe by a “ transverse metatarsal ligament,” such as connects to¬ 
gether and restricts the movements of its four outer toes in the 
transverse plane of the foot. The hallux of the ape is therefore 
set free. It can, like the thumb of man and ape, be thrown 
into the position of opposition and be used as a prehensile digit. 
Very different is the case in the human foot, in which the hallux 
is tied to the second toe by a continuation of the same transverse 
metatarsal ligament which ties the smaller toes together. Hence 
it is impossible to oppose the great toe to the surface of the sole 
in the way in which the thumb can be used, and the movements 
of the digit in the transverse plane of the foot are also greatly 
restricted. 

The development of a connecting transverse band, for the re¬ 
striction of the movements of the great toe in man, is not the 
only anatomical structure which differentiates it from the hallux 
of an ape, or the thumb in the hand. In the manus both of 
man and apes the joint between the metacarpal bone of the 
thumb and the bone of the wrist (trapezium) is concavo-convex, 
or saddle-shaped, and permits of a considerable range of move¬ 
ment in certain directions, and notably the movement of oppo¬ 
sition. A joint of a similar configuration, permitting similar 
movements, is found in the pes of the ape between the meta¬ 
tarsal of the hallux and the tarsal bone with which it articulates. 
In the foot of man, on the other hand, the corresponding joint 
is not saddle-shaped, but is almost plane-surfaced, and conse¬ 
quently the range of movement is slight, and is little more than 
the gliding of one articular surface on the other. 

One of the chief factors in the production of the movement 
of opposition in the manus of man and apes is a special muscle, 
the opponens pollicis, which, through its insertion into the shaft 
of the metacarpal bone of the thumb, draws the entire digit 
across the surface of the palm. In the foot of the Anthropoid 
apes there is not complete correspondence in different species in 
the arrangement of the muscles which move the great toe. In 
the Orang the abductor hallucis, in addition to the customary 
insertion into the phalanx, may give rise to two slips, one of 
which is inserted into the base and proximal part of the first 
metatarsal bone, and the other into the radial border of its shaft 
for a limited distance ; these slips apparently represent an im¬ 
perfect opponens muscle, which acts along with the adductor 
and short flexor muscle of the great toe. In the other Anthro¬ 
poid apes, the muscle seems to be altogether absent, and the 
power of opposition is exercised solely by the adductor and the 
flexor brevis hallucis, the inner head of the latter of which is 
remarkably well developed. 1 In the human foot there is no 
opponens hallucis, and the short flexor of the great toe is, in 
relation to the size of that digit, comparatively feeble, so that 
no special provision is made for a movement of opposition. 

The character and direction of the movements of the digits 
both in hand and foot are imprinted on the integument of palm 
and sole. In the palm of the human hand the oblique direction 
of the movements of the fingers towards the thumb, when bent 
in grasping an object, is shown by the obliquity of the two great 
grooves which cross the palm from the root of the index to the 
root of the little finger. The deep curved groove, extending to 
the wrist, which marks off the eminence of the ball of the 
thumb from the rest of the palm, is associated with the opponent 
action of the thumb, which is so marked in man that the tip of the 
thumb can be brought in contact with a large part of the palmar 
surface of the hand and fingers. Faint longitudinal grooves 
in the palm, situated in a line with the fingers, express slight 

1 For a comparative description of the muscles of the hand and foot of 
the Anthropoid apes consult Dr. Hepburn’s memoir in Journal 0/Anatomy 
and Physiology, vol. xxvi. 
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folds which indicate, where the fingers are approximated to or 
separated from each other, in adduction and abduction. In 
some hands a longitudinal groove marks off the muscles of the 
ball of the little finger from the rest of the palm, and is asso¬ 
ciated with a slight opponent action of that digit; by the com¬ 
bination of which, with a partial opposition of the thumb, the 
palm can be hollowed into a cup—the drinking-cup of Diogenes. 

These grooves are present in the infant’s hands at the time of 
birth, and I have seen them in an embryo, the spine and head 
of which were not more than 90 mm. (three and a half inches) 
long. They appear in the palm months before the infant can 
put its hand to any use ; though it is possible that the muscles 
of the thumb and fingers do, even in the embryo, exercise some 
degree of action, especially in the direction of flexion. These 
grooves are not therefore acquired after birth. It is a question 
how far the intra-uterine purposeless movements of the digits 
are sufficient to produce them ; but even should this be the case, 
it is clear that they are to be regarded as hereditary characters 
transmitted from one generation of human beings to another. 
They are correlated with the movements of the digits, which 
give the functional power and range of movement to the hand 
of man. 

In the palm of the hand of the Anthropoid apes grooves are 
also seen, which differ in various respects from those in man, and 
which are characteristic of the group in which they are found. 
In these animals the palm is traversed by at least two grooves 
from the index border to that of the minimus. In the Gibbon 
they are oblique, but in the Gorilla, Chimpanzee, and^ Orang 
they are almost transverse, which implies that in flexion the 
fingers do not move so obliquely towards the comparatively 
feeble thumb as they do in man. The curved groove which 
limits the ball of the thumb is present, but on account of the 
less development of that eminence, it is not so extensive as in 
man. The longitudinal grooves in the palm are deeper than in 
the human hand, and in the Gorilla and Orang a groove 
differentiates the eminence associated with the muscles of the 
little finger from the adjoining part of the palm. The character 
and direction of these grooves are such as one would associate 
with the hand of an arboreal animal, in which the long fingers 
are the chief digits employed in grasping an object more or less 
cylindrical, like the branch of a tree, and in which the thumb 
is a subordinate digit. I have not had the opportunity of 
examining the palm of the embryo of an Anthropoid ape, but 
in that of an embryo Macaque monkey I have seen both the 
groove for the ball of the thumb which marks its opposition, 
and the transverse and longitudinal grooves in the palm which 
are correlated with the movements of the fingers. In apes, 
therefore, as in man, these grooves are not acquired after birth, 
but have an hereditary signification. 

We may now contrast the grooves in the skin of the sole of 
the human foot with those which we have just described in the 
palm. For this purpose the foot of an infant must be selected 
as well as that of an older person in which the toes have not 
been cramped and distorted by ill-fitting shoes. 1 

The toes are marked off from the sole proper by a deep 
diagonal depression, which corresponds with the plane of flexion 
of the first and second phalanges. Behind this depression, 
and on the sole proper, is a diagonal groove, which commences 
at the cleft between the great and second toes, and reaches the 
outer border of the foot. It is seen in the infant, but disappears 
as the skin of the foot becomes thickened from use and pres¬ 
sure. This groove marks the plane of flexure of the first 
phalanges on the metatarsal bones of the four smaller toes. 
Associated with its inner end is a short groove which curves to 
the inner border of the foot, and marks off the position of the 
joint between the first phalanx and the metatarsal bone of the 
great toe. The groove indicates the movements of the great 
toe in flexion, and in adduction to, or abduction from, the 
second toe. It has sometimes erroneously been regarded as the 
corresponding groove in the foot to the deep curved groove in 
the hand, which defines the muscles of the ball of the thumb 
and is associated with the movement of opposition. This is 
not its real character, for the chief joint concerned in opposition 

1 These grooves have been described generally by the late Prof. Goodsir 
(“Anatomical Memoirs,” vol. i., 1868) 5 by myself in a lecture on hands and 
feet (“ Health Lectures,” Edinburgh, 1884) ; and by Mr. Louis Robinson, 
the last named of whom has called special attention to their arrangement in 
the feet of infants ( Nineteenth Century, vol. xxxi., 1892, p. 795). The in¬ 
tegumentary grooves in both hands and feet of men and apes have also been 
described and figured in detail by Dr. Hepburn in Journal of Anat. and 
Phys vol. xxvii. 1893, p. 112. 
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is that between the metacarpal bone and the corresponding 
carpal bone, and not that between the metacarpal bone and the 
phalanx. In addition, one, or it may be two faint grooves run 
from within outwards near the middle of the sole. In the infant’s 
foot a groove also extends longitudinally in the centre of the 
foot. The grooves on the integument of the sole are in harmony 
with the inner anatomy of the foot, and confirm the statement, 
already made, that the great toe in man cannot be opposed to 
the sole, as the thumb can to the palm, for the great curved 
groove expressing the movement of opposition is wanting. 

In the apes, the condition of the tegumentary grooves in the 
sole is very different from the human foot. In the Anthropoid 
group, the ball of the great toe, with its muscles, is marked off 
by a deep curved groove, which extends from the margin of the 
cleft between it and the second toe, backwards along the middle 
of the sole almost as far as the heel. Its depth and extent are 
associated with the powerful opponent, or grasping action of the 
hallux. Two other grooves, in front of that just described, 
pass obliquely across the sole from the cleft between the 
hallux and the second toe, and reach the outer border of the 
foot. They are associated with the movements of the four 
smaller toes, and their obliquity shows that, when the foot is 
used as a prehensile organ, the object is grasped not only by 
the great toe being moved towards the sole, but by the smaller 
toes being moved towards the hallux. From these arrange¬ 
ments it is obvious that the pes of the ape is, physiologically 
speaking, a foot-hand, it is pedimanous. Though anatomically 
a foot, it can be used not only for support and progression, but 
for prehension, and, for the latter-named office, the hallux is a 
more potent digit in the foot than is the pollex in the hand. 
The external rotation of the thigh at the hip joint, and the 
power of rotating the leg inwards on the thigh at the knee 
joint, contribute to make the foot of the ape a more important 
prehensile instrument, and enable the animal to use it more 
efficiently for this purpose when sitting, than would have been 
the case if there had been no contributory movements at the hip 
and knee. 

The power of assuming the erect attitude, the specialisation 
of the upper limbs into instruments of prehension, and of the 
lower limbs into columns of support and progression, are not in 
themselves sufficient to give that distinction to the human body 
which we know that it possesses. They must have coordinated 
with them the controlling and directing mechanism placed in 
the head, known as the brain and organs of sense. 

The head, situated at the summit of the spine, holds a com¬ 
manding position. Owing to the joints for articulation with 
the atlas vertebra being placed on the under surface of the skull, 
and not at the back of the head, and to the great reduction in 
the size of the jaws, as compared with apes and quadrupeds 
generally, the head is balanced on the top of the spine. The 
ligaments supporting it and connected with it are comparatively 
feeble, and do not require for their attachment strong bony 
ridges on the skull, or massive projecting processes in the spine, 
such as one finds in apes and many other mammals. The head 
with the atlas vertebra can be rotated about the axis vertebra by 
appropriate muscles. The face looks to the front, the axis of 
vision is horizontal, and the eyes sweep the horizon with 
comparatively slight muscular effort. 

The cranial cavity, with its contained brain, is of absolutely 
greater volume in man than in any other vertebrate, except in 
the elephant and in the large whales, in which the huge mass 
of the body demands the great sensory-motor centres in the 
brain to be of large size. Relatively also to the mass and 
weight of the body, the brain in man may be said to be in 
general heavier than the brains of the lower vertebrates, though 
it has been staled that some small birds and mammals are 
exceptions to this rule. 

We have abundant evidence of the weight of the brain in 
Europeans, in whom several thousand brains have been tested. 
In the men, the average brain-weight is from 49 to 50 oz. 
(1390 to 1418 grm.). In the women, from 44 to 45 oz. (1248 
to 1283 grm.). The difference in weight is doubtless in part 
correlated with differences in the mass, weight, and stature of 
the body in the two sexes, although it seems questionable if the 
entire difference is capable of this explanation. It is interesting 
to note that even in new-born children the boys have bigger 
heads and heavier brains than the girls. Dr. Boyd gives the 
average for the girl infants as 10 oz., and for boys 11 67 oz. A 
distinction in the brain weight of the two sexes is obviously 
established, therefore, before the child is born, and is not to 
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be^ accounted for by the training and educational advantages 
enjoyed by the male sex being superior to those of the female 
sex. 

The brains of a number of men of ability and intellectual 
distinction have been weighed, and ascertained to be from 55 
to 60 oz. In a few exceptional cases, as in the brains of Cuvier 
and Dr. Abercrombie, the weight has been more than 60 oz. ; 
but it should also be stated that brains weighing 60 oz. and 
upwards have occasionally been obtained from persons who had 
shown no sign of intellectual eminence. 

On the other hand, it has been pointed out by M. Broca and 
Dr. Thurnam, that if the brain falls below a certain weight it 
cannot properly discharge its functions. They place this 
minimum weight for civilised people at 37 oz. for the men, and 
32 oz. for the women. These weights are, I think, too high 
for savage men, more especially in the dwarf races. We may, 
however, safely assume that if the brain-weight in adults does 
not reach 30 oz. (851 grm.), it is associated with idiocy or 
imbecility. There would seem, therefore, to be a minimum 
brain-weight, which is necessary in order that the mental 
functions may be actively discharged. 

We have unfortunately not much evidence of the weight of 
the brain in the uncultivated and savage races. The weighings 
made by Tiedemann, Barkow, Reid, and Peacock give the 
mean of the brain in the negro as between 44 and 45 oz., a 
weight which corresponds with that of European women; 
whilst in the negress the mean weight is less than in the female 
sex in Europeans. In two Bush girls from South Africa— 
representatives of a dwarf race—the brain is said to have been 
34 and 38 oz, respectively. 1 

From the weighings which have been published of the brains 
of the Orang and Chimpanzee, it would seem that the brain- 
weight in these apes ranges from 11 to 15 oz. (312 1o 426 grm.), 
and the brain-weight appears to be much about the same in the 
Gorilla. These figures are greatly below those of the human 
brain, even in so degraded a people as the dwarf Bush race of 
South Africa. They closely approximate to the weight of 
newly-born male infants, in whom, as has just been stated, the 
average weight was 11*67 oz - For the purposes of ape-life, the 
low brain-weight is sufficient to enable the animal to perform 
every function of which it is capable. Its muscular and nervous 
systems are so accurately coordinated that it can move freely 
from tree to tree, and swing itself to and fro ; it can seize and 
retain objects with great precision, and can search for and pro¬ 
cure its food. In all these respects it presents a striking con¬ 
trast to the infant, having an almost similar brain-weight, 
which lies helpless on its mother’s knee. 

Another line of evidence, of which we may avail ourselves, 
in order to test the relative size of the brain in the different 
races of men and in the large apes is to be obtained by deter¬ 
mining the internal capacity of the cranium. Examples of the 
brains of different races (except Europeans) are few in number 
in our collections, but the crania are often well represented, the 
volume of the cavity in which the brain is lodged can be 
obtained from them, and an approximate conception of the 
size and weight of the brain can be estimated. In pursuing 
this line of inquiry, account has of course to be taken of the 
space occupied by the membranes investing the brain, by the 
blood vessels and the cerebro-spinal fluid. A small deduction 
from the total capacity will have to be made on their behalf. 

There is a general consensus of opinion amongst craniologists 
that the mean internal capacity of the cranium in adult male 
Europeans is about 1500 c.c. {91'5 cub. in.). The mean 
capacity of the cranium of fifty Scotsmen that I have measured 
by a method, which I described some years ago, 2 was 1493 c * c * 
(91*1 cub. in.). The most capacious of these skulls was 1770 
c.c., and the one with the smallest capacity was 1240 c.c. 
Thus, in a highly civilised and admittedly intellectual people, 
the range in the volume of the brain-space amongst the men 
was as much as 530 c.c. in the specimens under examination, 
none of which was known or believed to be the skull of an 
idiot or imbecile, whilst some were known to be the crania of 
persons of education and position. In twenty-three Scotswomen 
the mean capacity was 1325 c.c., and the range of variation was 
from a maximum 1625 to a minimum 1100 c.c.—viz., 525 c.c. 

Again I have taken the capacity, by the same method, of a 
number of crania of the Australian aborigines, a race incapable 

1 Sir R. Quain in Pathological Transactions , 1850, p. 182, and Messrs. 
Flower and Murie in Journal of Anatomy and Phys., vol. i. p. 206. 

2 Human Crania, Challenger Reports, Pt. xxix,, 1884, p. 9. 
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apparently of intellectual improvement beyond their present low 
state of development. In thirty-nine men the mean capacity 
was only 1280 c.c. (78*1 cub. in.). The maximum capacity 
was 1514 c.c., the minimum was 1044 c.c. The range of 
variation was 470 c.c. In twenty-four women the mean capacity 
was 1115*6 c.c., the maximum being 1240 and the minimum 
930, and the range of variation was 310 c.c. It is noticeable 
that in this series of sixty-three Australian skulls, all of which 
are in the Anatomical Museum of the University of Edinburgh, 
eight men had a smaller capacity than 1200 c.c., and only four 
were above 1400 c.c. Of the women’s skulls ten were below 
1100 c.c., four of which were between 900 and 1000 c.c., and 
only three were 1200 c.c. and upwards. 

Time does not admit of further detail on the cranial capacities 
of other races of men. Sufficient has been said to show the 
wide range which prevails, from the maximum in the Europeans 
to the minimum in the Australians, and that amongst persons 
presumably sane and capable of discharging their duties in their 
respective spheres of activity; for we must assume that the 
crania of the Australians, having the small capacities just referred 
to, were yet sufficiently large for the lodgment of brains com¬ 
petent to perform the functions demanded by the life of a savage. 
From a large number of measurements of capacity which I have 
made of the skulls of the principal races of men, I would draw 
the following conclusions: First, that the average cranial 
capacity, and consequently the volume and weight of the brain, 
are markedly higher in the civilised European than in the 
savage races ; second, that the range of variation is greater in 
the former than in the latter ; third, that in uncivilised man the 
proportion of male crania having a capacity equal to the 
European mean, 1500 c.c., is extremely small; fourth, that 
though the capacity of the men’s skulls is greater than that of 
the women’s, there is not quite the same amount of difference 
between the sexes in a savage as in a civilised race. 

It may now be of interest to say a few words on the capacity 
of the cranium in the large Anthropoid apes, I have measured, 
by the method already referred to, the capacity of the skulls 
of five adult male Gorillas, and obtained a mean of 494 c.c., 
the maximum being 590 c.c. and the minimum 410 c.c., the 
range of variation being 180 c.c. Dr. Delisle found the old 
male Orang (Maurice), 1 which died a short time ago in the 
Jardin des Plantes, to have a capacity of 385 c.c., whilst the 
younger male (Max) had a capacity of 470 c.c. 2 The mean of 
eleven specimens measured by him was 408 c.c., which is some¬ 
what less than the measurements of males recorded by M. 
Topinard and Dr. Vogt; but it should be stated that in some 
of Dr. Delisle’s specimens the sex could not be properly dis- : 
criminated, and possibly some of them may have been females. 
The cranial capacity of seven male Chimpanzees is stated by 
M. Topinard to be 421 c.c. 

The determination of the mass and weight of the brain as 
expressed in ounces, and of the capacity of the cranial cavity as 
expressed in cubic centimetres, are only rough methods of com¬ 
paring brain with brain, either as between different races of 
men, or as between men and other mammals. Much finer 
methods are needed in order to obtain a more exact com¬ 
parison. 

The school of Phrenologists represented in the first half of the 
century by Gall, Spurzheim, and George Combe, whilst recog¬ 
nising the importance of the size of the brain as a measure of 
intellectual activity, also attached value to what was called its 
quality. At that time the inner mechanism of the brain was 
almost unknown, for the methods had not been discovered by 
which its minute structure could be determined. It is true that 
a difference was acknowledged, between the cortical grey matter 
situated on the surface of the hemispheres and the subjacent 
white matter. Spurzheim had also succeeded in determining 
the presence of fibres in the white matter of the encephalon, 
and had, to a slight extent, traced their path. The difference 
between the smooth surface of the hemispheres of the lower 
mammals and the convoluted surface of the brain of man and 
the higher mammals, and the influence which the development 
of the convolutions exercised in increasing the area of the 
cortical grey matter, were also known. 

A most important step in advance was made, when, through 
the investigations of Leuret and Gratiolet, it became clear that 
the convolutions of the cerebrum, in their mode of arrange¬ 
ment, were not uniform in the orders of mammals which pos- 

1 “ Nouvelles Archives du Museum d’Histoire naturelle,” 1895. 

2 The stature of Maurice was 1 m- 40 ; that of Max 1 m. 28. 
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sessed convoluted brains, but that different patterns existed in 
the orders examined. By his further researches Gratiolet deter¬ 
mined that in the Anthropoid apes, notwithstanding their much 
smaller brains, the same general plan of arrangement existed as 
in man, though differences occurred in many of the details, and 
that the key to unlock the complex arrangements in man was to 
be obtained by the study of the simpler disposition in the apes. 
These researches have enabled anatomists to localise the convo¬ 
lutions and the fissures which separate them from each other, 
and to apply to them precise descriptive terms. These investi¬ 
gations were necessarily preliminary to the histological study 
of the convolutions, and to experimental inquiry into their 
functions. 

By the employment of the refined histological methods now 
in use, it has been shown that the grey matter in the cortex of 
the hemispheres, and in other parts of the brain, is the seat of 
enormous numbers of nerve-cells, and that those in the cortex, 
whilst possessing a characteristic pyramidal shape, present many 
variations in size. Further, that these nerve-cells give origin to 
nerve axial fibres, through which areas in the cortex become 
connected directly or indirectly, either with other areas in the 
same hemisphere, with parts of the brain and spinal cord 
situated below the cerebrum, with the muscular system, or with 
the skin and other organs of sense. 

Every nerve-cell, with the nerve axial fibre arising from and 
belonging to it, is now called a Neurone, and both brain and 
spinal cord are built of tens of thousands of such neurones. It 
may reasonably be assumed that the larger the brain the more 
numerous are the neurones which enter into its constitution. 
The greater the number of the neurones, and the more com¬ 
plete the connections which the several areas have with each 
other through their axial fibres, the more complex becomes 
the internal mechanism, and the more perfect the structure of 
the organ. We may reasonably assume that this perfection of 
structure finds its highest manifestations in the brain of civilised 
men. 

The specialisation in the relations and connections of the 
axial fibre processes of the neurones, at their termination in 
particular localities, obviously points to functional differences 
in the cortical and other areas, to which these processes extend. 
It has now been experimentally demonstrated that the cortex 
of the cerebrum is not, as M. Flourens conceived, of the same 
physiological value throughout; but that particular functions 
are localised in definite areas and convolutions. In speaking 
of localisation of function in the cerebrum, one must not be 
understood as adopting the theory of Gall, that the mental 
faculties were definite in their number, that each had its seat 
in a particular region of the cortex, and that the locus of this 
region was marked on the surface of the skull and head by a 
more or less prominent “bump.” 

The foundation of a scientific basis for localisation dates from 
1870, when Fritsch and Hitzig announced that definite move¬ 
ments followed the application of electrical stimulation to 
definite areas of the cortex in dogs. The indication thus given 
was at once seized upon by David Ferrier, who explored not 
only the hemispheres of dogs, but those of monkeys and 
other vertebrates. 1 By his researches and those of many subse¬ 
quent inquirers, of whom amongst our own countrymen we may 
especially name Beevor, Horsley, and Schafer, it has now been 
established that, when the- convolutions bounding, and in close 
proximity to the fissure of Rolando are stimulated, motor re¬ 
actions in the limbs, trunk, head and face follow, which have a 
definite purposive character, corresponding with the volitional 
movements of the animal. The Rolandic region is therefore 
regarded as a part "of the motor apparatus ; it is called the motor 
area, and the function of exciting voluntary movements is local¬ 
ised in its cortical grey matter. 

By the researches of the same and other inquirers it has been 
determined that certain other convolutions are related to the 
different forms of sensibility, and are sensory or perceptive 
centres, localised for sight, hearing, taste, smell, and touch. 

Most important observations on the paths of conduction of 
sensory impressions in the cortex of the convolutions were 
announced last year by Dr. Flechsig, 2 of Leipzig, so well known 
by his researches on the development of the tracts of nerve- 
fibres in the columns of the spinal cord, published several years 
ago. He discovered that the nerve-fibres in the cord did not 
become myelinated, i.e. attain their perfect structure, at a 

1 “ West Riding Asylum Reports,” 1873. 

2 “Die localisation der Geistigen Vorgange,” Leipzig, 1896. 
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uniform period, of time, so that some acquired their complete 
functional importance before others. He has now applied the 
same method of research to the study of the development of the 
human brain, and has shown that in it also there is a difference 
in the time of attaining perfect structural development of the 
nerve-tracts. Further, he has discovered that the nerve-fibres 
in the cerebrum become myelinated, subsequent to the fibres of 
the other divisions of the cerebro-spinal nervous axis. When a 
child is born, very few of the fibres of its cerebrum are myeli¬ 
nated, and we have now an anatomical explanation of the 
reason why an infant has so inactive a brain and is so helpless 
a creature. It will therefore be of especial interest to deter¬ 
mine, whether in those animals which are active as soon as they 
are born, and which can at once assume the characteristic 
attitude of the species, the fibres of the cerebrum are completely 
developed at the time of birth, Flechsig has also shown that 
the sensory paths myelinate before the motor tracts; that the 
paths of transmission of touch, and the other impulses conducted 
by the dorsal roots of the spinal nerves, are the first to become 
completely formed, whilst the fibres for auditory impulses are 
the last. 

Flechsig names the great sensory centre which receives the 
impulses associated with touch, pain, temperature, muscular 
sense, &c., Korperfuhlsphare, the region of general-body- 
sensation, or the somaesthetic area, as translated by Dr. Barker. 1 
The tracts conducting these impulses myelinate at successive 
periods after birth. They pass upwards from the inner and 
outer capsules and the optic thalamus as three systems. 2 Some 
enter the central convolution^ of the Rolandic area, others reach 
the paracentral lobule, the inferior frontal convolution, the 
insula, and small parts of the middle and superior frontal con¬ 
volutions ; whilst considerable numbers reach the gyrus forni- 
catus and the hippocampal gyrus, which Ferrier had previously 
localised as a centre of common or tactile sensibility. 

The Rolandic area, therefore, is not exclusively a motor area, 
but is a centre associated also with the general sensibility of 
the body. The motor fibres in it are not myelinated until after 
the sensory paths have become developed. As the motor paths 
become structurally complete, they can be traced downwards 
as the great pyramidal tract from the pyramidal nerve-cells in 
this area, from which they arise, into the spinal cord, where 
they come into close relation with the nerve-cells in the anterior 
horn of grey matter, from which the nerve axial fibres proceed 
that are distributed to the voluntary muscles. 

Flechsig 5 s observations agree with those of previous observers 
in placing the visual centre in the occipital lobe ; the auditory 
centre in and near the superior temporal convolution ; and the 
olfactory centre in the uncinate and hippocampal convolutions. 
Of the position of the taste centre he does not speak definitely, 
although he thinks it to be in proximity either to the centre of 
general sensation, or to the olfactory centre. 

The centres of special sense in the cortex, and the large 
Rolandic area, which is the centre both for motion and general 
sensation, do not collectively occupy so much as one-half of the 
superficial area of the convolutions of the cortex. In all the 
lobes of the brain—frontal, parietal, occipito-temporal, and 
insula—convolutions are situated, not directly associated with 
the reception of sensory impressions, or as centres of motor 
activity, the function of which is to be otherwise accounted 
for. These convolutions lie intermediary to the sensory and 
motor centres. Flechsig has shown that in them myelination 
of the nerve-fibres does not take place until some weeks after 
birth, so that they are distinctly later in acquiring their structural 
perfection and functional activity. As the nerve-fibres become 
differentiated, they are seen to pass from the sense-centres into 
these intermediate convolutions, so as to connect adjacent 
centres together, and bring them into association with each 
other. 3 Hence he has called them the association centres, the 

1 Johns Hopkins Bulletin, No. 70, January 1897. 

2 Drs. Ferrier and Aldren Turner communicated to the Royal Society of 
London a few weeks ago ( Proc . Roy. Soc. t June 17, 1897) an account of an 
elaborate research on the tracts which convey general and special sensi¬ 
bility to the cerebral cortex of monkeys. Their results were obtained by 
the aid of destructive lesions and the study of the consecutive degenerations 
in the nerve-tracts. From the brief abstract in the Proceedings, their re¬ 
search, though conducted by a different method, harmonises with the ob¬ 
servations of Flechsig on the human brain, in regard to the course and 
connections of the great thalamic cortico-petal sensory fibres. They have 
also traced association fibres in connection with both the visual and auditory 
systems. 

3 The term association fibres was introduced a number of years ago to 
express fibres of the cerebrum which connect together parts of the cortex 
in the same hemisphere. Flechsig’s fibres belong to this system. 
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function of which is to connect together centres and convolutions 
otherwise disconnected. 1 

We have now, therefore, direct anatomical evidence, based 
upon differences in their stages of development, that, in addition 
to the sensory and motor areas in the cortex of the human 
brain, a third division—the association centres—is to be 
distinguished. 

If we compare the cerebrum in man and the apes, we find 
those convolutions which constitute the motor and sensory 
centres distinctly marked in both. An ape, like a man, can 
see, hear, taste, smell and touch ; it also exhibits great muscular 
activity and variety of movement. It possesses, therefore, 
similar fundamental centres of sensation and motion, which are 
situated in areas of the cortex, resembling in arrangement and 
relative position, though much smaller in size than, the corre¬ 
sponding convolutions in the adult human brain. It is not 
unlikely, though the subject needs additional research, that the 
minute structure of these centres resembles that of man, though, 
from the comparatively restricted area of grey matter in the ape, 
the neurones will necessarily be much fewer in number. 

In the cerebrum of a new-born infant, whilst the motor and 
sensory convolutions are distinct, the convolutions for the 
association areas, though present, are comparatively simple, 
and do not possess as many windings as are to be seen in the 
brain of a Chimpanzee not more than three or four years old. 

Again, if we compare the brain of the Bushwoman, miscalled 
the Hottentot Venus, figured by Gratiolet and by Bischoff, or 
the one studied by Mr. John Marshall, with that of the 
philosopher Gauss, figured by Rudolph Wagner, we also re¬ 
cognise the convolutions in which the motor and sensory areas 
are situated. In all these brains they have a comparative 
simplicity of form and arrangement which enables one readily 
to discriminate them. When we turn, however, to the associa¬ 
tion areas in the three tiers of convolutions in the frontal lobe, 
and in the parieto-occipital and occipito-temporal regions where 
the bridging or annectant convolutions are placed, we cannot 
fail to observe that in a highly-developed brain, like that of 
Gauss, the association convolutions have a complexity in 
arrangement, and an extent of cortical surface much more 
marked than in the Bushwoman, and to a still greater degree 
than in the ape. The naked-eye anatomy of the brain therefore 
obviously points to the conclusion that these association areas 
are of great physiological importance. 

The problem which has now to be solved is the determin¬ 
ation of their function. Prolonged investigation into the de¬ 
velopment and comparative histology of the brain will be 
necessary before we can reach a sound anatomical basis on 
which to found satisfactory conclusions. It wilt especially be 
necessary to study the successive periods of development of 
the nerve-fibre tracts in the cerebrum of apes and other mammals, 
as well as the magnitude and intimate structure of the assoeia* 
tion areas in relation to that of the motor and sensory areas in 
the same species. 

Flechsig, however, has not hesitated to ascribe to the associa¬ 
tion centres functions of the highest order. He believes them 
to be parts of the cerebral cortex engaged in the manifestations 
of the higher intelligence, such as memory, judgment, and re¬ 
flection ; but in the present state of our knowledge such con¬ 
clusions are of course quite speculative. 

It is not unlikely, however, that the impulses which are 
conveyed by the intermediate nerve-tracts, either on the one 
hand, from the sense centres to the association centres, or on 
the other, from the association centres to the sensory and motor 
centres, are neither motor nor sensory impulses, but a form of 
nerve energy, determined by the terminal connections and con¬ 
tacts of the nerve-fibres. It is possible that the association 
centres, with the intermediate connecting tracts, may serve to 
harmonise and control the centres for the reception of sensory 
impressions that we translate into consciousness, with those 
which excite motor activity, so as to give to the brain a com¬ 
pleteness and perfection of structural mechanism, which without 
them it could not have possessed. 

We know that an animal is guided by its instincts, through 
which it provides for its individual wants, and fulfils its place 
in nature. In man, on the other hand, the instinctive acts are 
under the influence of the reason and intelligence, and it is 

1 The association centres had previously been referred to by other ob¬ 
servers as “silent portions” of the cortex, not responding to electrical 
stimulus. Their possible function had been discussed by Prof. Caiderwood 
in “ Relations of Mind and Brain,” 2nd edit., 1884. 
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possible that the association centres, with the intermediate 
association fibres which connect them with the sensory and 
motor centres, may be the mechanism through which man is 
enabled to control his animal instincts, so far as they are 
dependent on motion and sensation. 

The higher we ascend in the scale of humanity, the more 
perfect does this control become, and the more do the instincts, 
emotions, passions and appetites become subordinated to the 
self-conscious principle which regulates our judgments and be¬ 
liefs. It will therefore now be a matter for scientific inquiry 
to determine, as far as the anatomical conditions will permit, 
the proportion which the association centres bear to the other 
centres both in mammals and in man, the period of development 
of the association fibres, in comparison with that of the motor 
and sensory fibres in different animals, and, if possible, to ob¬ 
tain a comparison in these respects between the brains of savages 
and those of men of a high order of intelligence. 

The capability of erecting the trunk ; the power of extending 
and fixing the hip and knee joints when standing ; the stability 
of the foot ; the range and variety of movement of the joints 
of the upper limb; the balancing of the head on the summit 
of the spine ; the mass and weight of the brain, and the per- 
fection of its internal mechanism, are distinctly human 
characters. They are the factors concerned in adapting the 
body of man, under the guidance of reason, intelligence, the 
sense of responsibility and power of self-control, for the dis¬ 
charge of varied and important duties in relation to himself, 
his Maker, his fellows, the animal world and the earth on 
which he lives. 


SECTION I. 

PHYSIOLOGY. 

Opening Address by Prof. Michael Foster, M.A., M.D., 

D.C.L., LL.D., Sec.R.S., President of the Section. 

We who have come from the little island on the other side of 
the great waters to take part in this important gathering of the 
British Association, have of late been much exercised in retro¬ 
spection. We have been looking back on the sixty years reign 
of our beloved Sovereign, and dwelling on what has happened 
during her gracious rule. We have, perhaps, done little in 
calling to mind the wrongs, the mistakes and the failures of the 
Victorian era ; but our minds and our mouths have been full of 
its achievements and its progress ; and each of us, of himself or 
through another, has been busy in bringing back to the present 
the events of more than half a century of the past. It was while 
I, with others, was in this retrospective mood that the duty of 
preparing some few words to say to you to-day seemed suddenly 
to change from an impalpable cloud in the far distance to a 
heavy burden pressing directly on the back ; and in choosing 
something to say I have succumbed to the dominant influence. 
Before putting pen to paper, however, I recovered sufficiently to 
resist the temptation to add one more to the many reviews which 
have appeared of the progress of physiology during the Victorian 
era. I also rejected the idea of doing that for which I find 
precedents in past presidential addresses—namely, of attempting 
to tell what has been the history of the science to which a 
Section is devoted during the brief interval which has elapsed 
since the Section last met; to try and catch physiology, or any ; 
other science, as it rushes through the brief period of some 
twelve months seemed to me not unlike photographing the flying 
bullet without adequate apparatus; the result could only be 
either a blurred or a delusive image. But I bethought me that 
this is not the first, wc hope it will not be the last, time that the 
British Association has met in the Western Hemisphere ; and 
though the events of the thirteen years which have slipped by 
since the meeting at Montreal in 1884 might seem to furnish a 
very slender oat on which to pipe a presidential address, I have 
hoped that I might be led to sound upon it some few notes which 
might be listened to. 

And indeed, though perhaps when we come to look into it 
closely almost every period would seem to have a value of its 
own, the past thirteen years do, in a certain sense, mark a break 
between the physiology of the past and that of the future. 
When the Association met at Montreal in 1884, Darwin, whose 
pregnant ideas have swayed physiology in the limited sense of 
that word, as well as that broader study of living beings which 
we sometimes call biology, as indeed they have every branch 
of natural knowledge, had been taken from us only some two 
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years before, and there were still alive most of the men who did 
the great works of physiology of the middle and latter half of 
this century. The gifted Claude Bernard had passed away 
some years before, but his peers might have been present at 
Montreal. Bowman, whose classic works on muscle and kidney 
stand out as peaks in the physiological landscape of the past, 
models of researches finished and complete so far as the 
opportunities of the time would allow, fruitful beginnings and 
admirable guides for the labours of others. Brown-Sequard, 
who shares with Bernard the glory of having opened up the 
great modern path of the influence of the nervous system on 
vascular and thus on nutritional events, and who, if he made 
some mistakes, did many things which will last for all time. 
Briicke, whose clear judgment, as shown in his digestive and 
other work, gave permanent value to whatever he put forth. 
Du Bois Reymond, who, if he laboured in a narrow path, set a 
brilliant example of the way in which exact physical analysis 
may be applied to the phenomena of living beings, and in other 
ways had a powerful influence on the progress of physiology. 
Donders, whose mind seemed to have caught something of the 
better qualities of the physiological organ to which his pro¬ 
fessional life was devoted, and our knowledge of which he so 
largely extended, so sharply did he focus his mental eye on 
every physiological problem to which he turned—and these 
were many and varied. Helmholtz, whose great works on 
vision and hearing, to say nothing of his earlier distinctly 
physiological researches, make us feel that if physics gained 
much, physiology lost even more when the physiologist turned 
aside to more distinctly physical inquiries. Lastly, and not 
least, Ludwig, who by his own hands or through his pupils did 
so much to make physiology the exact science which it is 
to-day, but which it was not when he began his work. I say 
lastly, but I might add the name of one who, though barred by 
circumstances from contributing much directly to physiology by 
way of research, so used his powerful influence in many ways in 
aid of physiological interests as to have helped the science 
onward to no mean extent, at least among English-speaking 
people—I mean Huxley. All these might have met at 
Montreal. They have all left us now. Among the peers of 
the men I have mentioned whose chief labours were carried on 
in the forties, the fifties and the sixties of the century, one 
prominent inquirer alone seems to be left, Albert von Kolliker, 
who in his old age is doing work of which even he in his youth 
might have been proud. The thirteen years which have swept 
the others away seem to mark a gulf between the physiological 
world of to-day and that of the time in which most of their 
work was done. 

They are gone, but they have left behind their work and their 
names. May they of the future, as I believe we of the present 
are doing, take up their work and their example, doing work 
other than theirs but after their pattern, following in their steps. 

In the thirteen years during which these have passed away 
physiology has not been idle. Indeed, the more we look into 
the period the more it seems to contain. 

The study of physiology, as of other sciences, though it may 
be stimulated by difficulties (and physiology has the stimulus of 
a special form of opposition unknown to other sciences), expands 
under the sunshine of opportunity and aid. And it may be 
worth while to compare the opportunities for study of physiology 
in 1884 with those in 1897. At this meeting of the British 
Association I may fitly confine myself, I was going to say, to 
British matters ; but I feel at this point, as others have felt, the 
want of a suitable nomenclature. We who are gathered here 
to-day have, with the exception of a few honoured guests from 
the Eastern Hemisphere, one common bond, one common token 
of unity, and, so far as I know, one only ; I am speaking now 
of outward tokens ; down deeper in our nature there are, I trust, 
yet others. We all speak the English tongue. Some of us belong 
to what is called Great Britain and Ireland, others to that which 
is sometimes spoken of as Greater Britain. But there are others 
here who belong to neither; though English in tongue, they are in 
no sense British. To myself, to whom the being English in speech 
is a fact of far deeper moment than any political boundary, and 
who wish at the present moment to deal with the study of 
physiology among all those who speak the English tongue, there 
comes the great want of some word which will denote all such. 

I hope, indeed I think, that others feel the same want too. 
The term Anglo-Saxon is at once pedantic and incorrect, and 
yet there is none other ; and, in the absence of such a better 
term, I shall be forgiven if I venture at times to use the 
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seemingly narrow word English as really meaning something 
much broader than British in its very broadest sense. 

Using English in this sense, I may, I think, venture to say 
that the thirteen years which separate 1884 from to-day have 
witnessed among English people a development of opportunities 
for physiological study such as no other like period has seen. 
It is not without significance that only a year or two previous to 
this period, in England proper, in little England, neither of the 
ancient Universities of Oxford and Cambridge, which, histor¬ 
ically at least, represent the fullest academical aspirations of the 
nation, possessed a chair of physiology ; the present professors, 
who are the first, were both appointed in 1883. Up to that 
time the science of physiology had not been deemed worthy, by 
either university, of a distinctive professorial mechanism. The 
act of these ancient institutions was only a manifestation of 
modern impulses, shared also by the metropolis and by the 
provinces at large. Whereas up to that time the posts for teach¬ 
ing physiology, by whatever name they were called, had been in 
most cases held by men whose intellectual loins were girded for 
other purposes than physiology, and who used the posts as step¬ 
ping-stones for what they considered better things, since that 
time, as each post became vacant, it has almost invariably been 
filled by men wishing and purposing at least to devote their 
whole energies to the science. Scotland, in many respects the 
forerunner of England in intellectual matters, had not so much 
need of change ; but she, too, has moved in the same direction, 
as has also the sister island. 

And if we turn to this Western Continent, we find in Canada 
and in the States the same notable enlargement of physiological 
opportunity, or even a still more notable one. If the English- 
speaking physiologist dots on the map each place on this 
Western Hemisphere which is an academic focus of his science, 
he may well be proud of the opportunities now afforded for 
the development of English physiology; and the greater part 
of this has come within the last thirteen years. 

Professorial chairs or their analogues are, however, after all 
but a small part of the provision for the development of physio¬ 
logical science. The heart of physiology is the laboratory. It 
is this which sends the life-blood through the frame; and in 
respect to this, perhaps, more than to anything else, has the 
progress of the past thirteen years been striking. Doubtless, on 
both sides of the waters there were physiological laboratories, 
and good ones, in 1884 ; but how much have even these during 
that period been enlarged and improved, and how many new 
ones have been added ? In how many places, even right up to 
about 1884, the professor or lecturer was fain to be content with 
mere lecture experiments and a simple course of histology, with 
perhaps a few chemical exercises for his students ! Now each 
teacher, however modest his post, feels and says that the 
authorities under whom he works are bound to provide him 
with the means of leading his students along the only path by 
which the science can be truly entered upon, that by which 
each learner repeats for himself the fundamental observations on 
which the science is based. 

But there is a still larger outcome from the professorial chair 
and the physiological laboratory than the training of the student; 
these are opportunities not for teaching only, but also for re¬ 
search. And perhaps in no respect has the development during 
the past thirteen years been so marked as in this. Never so 
clearly as during this period has it become recognised that each 
post for teaching is no less a post for learning, that among 
academic duties the making knowledge is as urgent as the dis¬ 
tributing it, and that among professorial qualifications the gift 
of garnering in new truths is at least as needful as facility in the 
didactic exposition of old ones. Thirteen years has seen a great 
change in this matter, and the progress has been perhaps greater 
on this side of the water than on the other, so far as English- 
speaking people are concerned. We on the other side have 
witnessed with envy the establishment on this side of a univer¬ 
sity, physiology having in it an honoured place, the keynote of 
which is the development of original research. It will, I 
ventur to think, be considered a strong confirmation of my 
present theme that the Clark University at Worcester was 
founded only ten years ago. 

And here, as an English-speaking person, may I be allowed to 
point out, not without pride, that these thirteen years of increased 
opportunity have been thirteen years of increased fruitfulness. 
In the history of our science, among the names of the great men 
who have made epochs, English names, from Harvey onwards, 
occupy no mean place ; but the greatness of such great men is 
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of no national birth ; it conies as it lists, and is independent of 
time and of place. If we turn to the more every-day workers, 
whose continued labours more slowly build up the growing 
edifice and provide the needful nourishment for the greatness of 
which I have just spoken, we may, I will dare to say, affirm that 
the last thirteen years has brought contributions to physiology, 
made known in the English tongue, which, whether we regard 
their quantity or their quality, significantly outdo the like con¬ 
tributions made in any foregoing period of the same length. 
Those contributions have been equally as numerous, equally as 
good on this side as on the other side of the waters. And here 
I trust I shall be pardoned if personal ties and affection lead me 
to throw in a personal word. May I not say that much which 
has been done on this side has been directly or indirectly the 
outcome of the energy and gifts of one whom I may fitly name 
on an occasion such as this, since, though he belonged to the 
other side, his physiological life was passed and his work was 
done on this side, one who has been taken from us since this 
Association last met, Henry Newell Martin ? 

Yes, during these thirteen years, if we put aside the loss of 
comrades, physiology has been prosperous with us and the out¬ 
look is bright; but, as every cloud has its silver lining, so shadow 
follows all sunshine, success brings danger, and something bitter 
rises up amid the sweet of prosperity. The development of 
which I have spoken is an outcome of the progressive activity 
of the age, and the dominant note of that activity is heard in 
the word “ commercial.” Noblemen and noblewomen open 
shop, and every one, low as well as high, presses forward to¬ 
wards large or quick profits. The very influences which 
have made devotion to scientific inquiry a possible means 
of livelihood, and so fostered scientific investigation, are 
creating a new danger. The path of the professor was in 
old times narrow and straight, and only the few' who had a 
real call cared to tread it ; nowadays there is some fear lest it 
become so broad and so easy as to tempt those who are in no 
way fitted for it. There is an increasing risk of men undertaking 
a research, not because a question is crying out to them to be 
answered, but in the hope that the publication of their results 
may win for them a lucrative post. There is, moreover, an even 
greater evil ahead. The man who lights on a new scientific 
method holds the key of a chamber in which much gold may be 
stored up ; and strong is the temptation for him to keep the new 
knowledge to himself until he has filled his fill, while all the 
time his brother-inquirers are wandering about in the dark 
through lack of that which he possesses. Such a selfish with¬ 
holding of new scientific truth is beginning to be not rare in 
some branches of knowledge. May it never come near us ! 

Now I will, with your permission, cease to sound the pro¬ 
vincial note, and ask your attention for a few minutes while I 
attempt to dwell on what seem to me to be some of the salient 
features of the fruits of physiological activity, not among 
English-speaking people only, but among all folk, during the 
past thirteen years. 

When we review the records of research and discovery over 
any lengthened period, we find that in every branch of the study 
progress is irregular, that it ebbs and flows. At one time a par¬ 
ticular problem occupies much attention, the periodicals are full 
of memoirs about it, and many of the young bloods flesh their 
maiden swords upon it. Then again for awhile it seems to lie 
dormant and unheeded. But quite irrespective of this feature, 
which seems to belong to all lines of inquiry, we may recognise 
two kinds of progress. On the one hand, in such a period, in 
spite of the waves just mentioned, a steady advance continually 
goes on in researches which were begun and pushed forward in 
former periods, some of them being of very old date. On the 
other hand, new lines of investigation, starting with quite new 
ideas or rendered possible by the introduction of new methods, 
are or may be begun. Such naturally attract great attention, 
and give a special character to the period. 

In the past thirteen years we may recognise both these kinds 
of progress. Of the former kind I might take, as an example, 
the time-honoured problems of the mechanics of the circulation. 
In spite of the labour which has been spent on these in times of 
old, something always remains to be done, and the last thirteen 
years have not been idle. The researches of Hurthle and 
Tigerstedt, of Roy and Adami, not to mention others, have left 
us wiser than we were before. So again, -with the also old 
problems of muscular contraction, progress, if not exciting, has 
been real; we are some steps measurably nearer an understand- 
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ing what is the exact nature of the fundamental changes which 
bring about contraction and what are the relations of those 
changes to the structure of muscular fibre. I11 respect to 
another old problem, too, the beat of the heart, we have con¬ 
tinued to creep nearer and nearer to the full light. Problems 
again, the method of attacking which is of more recent origin, 
such as the nature of secretion, and the allied problem of the 
nature of transudation, have engaged attention and brought 
about that stirring of the waters of controversy which, whatever 
be its effects in other departments of life, is never in science 
wholly a waste of time, if indeed it be a waste of time at all, 
since, in matters of science, the tribunal to which the combat¬ 
ants of both sides appeal is always sure to give a true judgment 
in the end. In the controversy thus arisen, the last word has 
perhaps not yet been said, but whether we tend at present to 
side with Heidenhain, who has continued into the past thirteen 
years the brilliant labours which were perhaps the distinguish¬ 
ing features of physiological progress in preceding periods, and 
who in his present sufferings carries with him, I am sure, the 
sympathies if not the hopes of all his brethren, or whether we 
are more inclined to join those who hold different views, we 
may all agree in saying that we have, in 1897, distinctly clearer 
ideas of why secretion gathers in an alveolus or lymph in a 
lymph space than we had in 1884. 

I might multiply such examples of progress on more or less old 
lines until I wearied you ; but I will try not to do so. I wish 
rather to dwell for a few minutes on some of what seem to be the 
salient new features of the period under review. 

One such feature is, I venture to think, the development of 
what may perhaps be called the new physiological chemistry. 
We always are, and for a long time always have been, learning 
something new about the chemical phenomena of living beings. 
During the years preceding those immediately recent, great 
progress, for which we have especially, perhaps, to thank 
Kiihne, was made in our knowledge of the bodies which we 
speak of as proteids and their allies. But while admitting to 
the full the high value of all these researches, and the great 
light which they threw on many of the obscurer problems of 
the chemical changes of the body, such, for instance, as the 
digestive changes and the clotting of blood, it could not but be 
felt that their range was restricted and their value limited. 
Granting the extreme usefulness of being able to distinguish 
bodies through their solution or precipitation by means of this 
or that salt or acid, this did not seem to promise to throw much 
light on the all-important problem as to what was the connection 
between the chemical constitution of such bodies and their work 
in the economy of a living being. For it need not be argued 
that this is an all-important problem. To-day, as yesterday and 
as in the days before, the mention of the word vitalism or its 
equivalent separates as a war-cry physiologists into two camps, 
one contending that all the phenomena of life can, and the 
other that they cannot, be explained as the result of the action 
of chemico-physical forces. For myself, I have always felt 
that while such a controversy, like other controversies as I 
ventured to say just now, is useful as a stirring of the waters, 
through which much oxygen is brought home to many things 
and no little purification effected, the time for the final judg¬ 
ment on the question will not come until we shall more clearly 
understand than we do at present what we mean by physical and 
chemical, and may perhaps be put off until somewhere near the 
end of all things, when we shall know as fully as we ever shall 
what the forces to which we give these names can do and what 
they cannot. Meanwhile the great thing is to push forward, so 
far as may be, the chemical analysis of the phenomena presented 
by living beings. Hitherto the physiological chemists, or the 
chemical physiologists as perhaps they ought rather to be called, 
have perhaps gone too much their own gait, and have seemed 
to be constructing too much a kind of chemistry of their own. 
But that, may I say, has in part been so because they did not 
receive from their distinctly chemical brethren the help of which 
they were in need. May I go so far as to say that to us physio¬ 
logists these our brethren seemed to be lagging somewhat 
behind, at least along those lines of their science which directly 
told on our inquiries ? That is, however, no longer the case. 
They are producing work and giving us ideas which we can 
carry straight into physiological problems. The remarkable 
work of Emil Fischer on sugars, one of the bright results of my 
period of thirteen years, may fully be regarded as opening up a 
new era in the physiology of the carbohydrates, opening up a 
new era because it has shown us the way how to investigate 
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physiological problems on purely and distinctively chemical 
lines. Not in the carbohydrates only, but in all directions our 
younger investigators are treating the old problems by the new 
chemical methods; the old physiological chemistry is passing 
away; nowhere, perhaps, is the outlook more promising than 
in this direction ; and we may at any time receive the news 
that the stubborn old fortress of the proteids has succumbed to 
the new attack. 

Another marked xeature of the period has been the increasing 
attention given to the study of the lower forms of life, using 
their simpler structures and more diffuse phenomena to elucidate 
the more general properties of living matter. During the 
greater part of the present century physiologists have, as a rule, 
chosen as subjects of their observations almost exclusively the 
vertebrata ; by far the larger part of the results obtained during 
this time have been gained by inquiries restricted to some half 
a dozen kinds of backboned animals ; the frog and the myograph, 
the dog and the kymograph have almost seemed the alpha and 
the omega of the science. This has been made a reproach by 
some, but, I cannot help thinking, unjustly. Physiology is, in 
its broad meaning, the unravelling of the potentialities of things 
in the condition which we call living. In the higher animals 
the evolution by differentiation has brought these potentialities* 
so to speak, near the surface, or even laid them bare as actual 
properties capable of being grasped. In the lower animals they 
still lie deep buried in primeval sameness ; and we may grope 
among them in vain unless we have a clue furnished by the 
study of the higher animal. This truth seems to have been 
early recognised during the progress of the science. In the old 
time, observers such as Spallanzani, with but a moderate 
amount of accumulated knowledge behind them, and a host of 
problems before them, with but few lines of inquiry as yet 
definitely laid down, were free to choose the subjects of their 
investigation where they pleased, and in the wide field open 
to them prodded, so to speak, among all living things, indifferent 
whether they possessed a backbone or no. But it soon became 
obvious that the study of the special problems of the more highly 
organised creature was more fruitful, or at least more easily 
fruitful, than that of the general problems of the simpler forms ; 
and hence it came about that inquiry, as it went on, grew more 
and more limited to the former. But an increasing knowledge 
of the laws of life as exemplified in the differentiated phenomena 
of the mammal is increasingly fitting us for a successful attack 
on the more general phenomena of the lowly creatures possess¬ 
ing little more than that molecular organisation, if such a phrase 
be permitted, which alone supplies the conditions for the 
manifestation of vital activities. And, though it may be true 
that in all periods men have from time to time laboured at this 
theme, I think that I am not wrong in saying that the last dozen 
years or so mark a distinct departure both as regards the number 
of researches directed to it, and also, what is of greater moment,, 
as regards the definiteness and clearness of the results thereby 
obtained. One has only to look at the results recorded in the 
valuable treatises of Verworn and Biedermann, whether obtained 
by the authors themselves or by others, to feel great hope that 
in the immediately near future a notable advance will be made in 
our grasp of the nature of that varying collection of molecular con¬ 
ditions, potencies and changes, slimy hitherto to the intellectual 
no less than to the physical touch, which we are in the habit of 
denoting by the more or less magical word protoplasm. And 
perhaps one happy feature of such an advance will be one step 
in the way of that reintegration which men of science fondly hope 
may ultimately follow the differentiation of studies now so fierce 
and attended by m^ny ills; in the problems of protoplasm the 
animal physiologist touches hands with the botanist, and both 
find that under different names they are striving towards the 
same end. 

Closely allied to and indeed a part of the above line of inquiry 
is the study of the physiological attributes of the cell and of 
their connection with its intrinsic organisation. This is a study 
which, during the last dozen years, has borne no mean fruits ; 
but it is an old study, one which has been worked at from time 
to time, reviving again and again as new methods offered new 
opportunities. Moreover, it will probably come directly before 
us in our sectional work, and therefore I will say nothing more 
of it here. 

Still another striking feature of the past dozen years has been 
the advance of our knowledge in regard to those events of the 
animal body which we have now learnt to speak of as “ internal 
secretion.” This knowledge did not begin in this period. The 
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first note was sounded long ago in the middle of the century, 
when Claude Bernard made known what he called “ the glyco¬ 
genic function of the liver.” Men, too, were busy with the 
thyroid body and the suprarenal capsules long before the meeting 
of the British Association at Montreal. But it was since then, 
namely in 1889, that Minkowski published his discovery of the 
diabetic phenomena resulting from the total removal of the 
pancreas. That, I venture to think, was of momentous value, 
not only as a valuable discovery in itself, but especially, perhaps, 
in confirming and fixing our ideas as to internal secretion, and 
in encouraging further research. 

Minkowski’s investigation possessed this notable feature, that 
it was clear, sharp and decided, and, moreover, the chief factor, 
namely sugar, was subject to quantitative methods. The 
results of removing the thyroid body had been to a large 
extent general, often vague, and in some cases uncertain; so 
much so as to justify, to a certain extent, the doubts held by 
some as to the validity of the conclusion that the symptoms 
witnessed were really and simply due to the absence of the 
organ removed. The observer who removes the pancreas has 
to deal with a tangible and measurable result, the appearance of 
sugar in the urine. About this there can be no mistake, no 
uncertainty. And the confidence thus engendered in the con¬ 
clusion that the pancreas, besides secreting the pancreatic juice, 
effects some notable change in the blood passing through it, 
spread to the analogous conclusions concerning the thyroid and 
the suprarenal, and moreover suggested further experimental 
inquiry. By those inquiries all previous doubts have been 
removed ; it is not now a question whether or no the thyroid 
carries on a so-called internal secretion ; the problem is reduced 
to finding out what it exactly does and how exactly it does it. 
Moreover, no one can at the present day suppose that this feature 
of internal secretion is confined to the thyroid, the suprarenal, 
and the pancreas ; it needs no spirit of prophecy to foretell that 
the coming years will add to physiological science a large and 
long chapter, the first marked distinctive verses of which belong 
to the dozen years which have just passed away. 

The above three lines of advance are of themselves enough to 
justify a certain pride on the part of the physiologist as to the 
share which his science is taking in the forward movements of 
the time. And yet I venture to think that each and all of these 
is wholly overshadowed by researches of another kind, through 
which knowledge has made, during the past dozen years or so, 
a bound so momentous and so far-reaching that all other 
results gathered in during the time seem to shrink into relative 
insignificance. 

It was a little before my period, in the year 1879, that Golgi 
published his modest note, “ Un nuovo processo di technica 
microscopica ” (“ Rendiconti del reale Istituto Lombardo,” 
vol. xii. p. 206). That was the breaking out from the rocks of 
a little stream which has since swollen into a great flood. It is 
quite true that long before a new era in our knowledge of the 
central nervous system had been opened up by the works 
of Ferrier and of Fritsch and Hitzig. Between 1870 and 
1880 progress in this branch of physiology had been con¬ 
tinued and rapid. Yet that progress had left much to be 
desired. On the one hand the experimental inquiries, even 
when they were carried out with the safeguard of an adequate 
psychical analysis of the phenomena which presented themselves, 
and this was not always the case, sounded a very uncertain note, 
at least when they dealt with other than simply motor effects. 
They were, moreover, not unfrequently in discord with clinical 
experience. In general the conclusions which were arrived at 
through them, save such as were based on the production of 
easily recognised and often measurable movements, were regarded 
by many as conclusions of the kind which could not be ignored, 
which demanded respectful attention, and yet which failed to 
carry conviction. It seemed to be risking too much to trust too 
implicitly to the apparent teaching of the results arrived at; 
something appeared wanting to give these their full validity, to 
explain their full and certain meaning by showing their con¬ 
nection with what was known in other ways and by other 
methods. On the other hand, during nearly all this time, in 
spite of the valuable results acquired by the continually improving 
histological technique, by the degeneration method, and by the 
developmental method, by the study of the periods of myelina- 
tion, most of us, at all events, were sitting down, as our fore¬ 
fathers had done, before the intricate maze of encephalic 
structure, fascinated by its complexity, but wondering what it all 
meant. Even when we attempted to thread our way through 
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the relatively simple tangle of the spinal cord, to expect that we 
should ever see our way so to unravel out the strands of fibres, 
here thick, there thin, now twisting and turning, and anon run¬ 
ning straight, or so to set out in definite constellations the seem¬ 
ing milky way of star-like cells, so to do this as to make the 
conformation of the cord explain the performances of which it is 
capable, appeared to be something beyond our reach. And 
when we passed from the cord to those cerebral structures the 
even gross topography of which is the despair of the beginner in 
anatomical studies, the multiple maze of grey and white matter 
seemed to frame itself into the letters graven on the gateway of 
the city of Dis, and bid us leave all hope behind. 

What a change has come upon us during the past dozen years, 
and how great is the hope of ultimate success which we have 
to-day. Into what at the meeting at Montreal seemed a cloudy- 
mass, in which most things were indistinct and doubtful, and 
into which each man could read images of possible mechanisms 
according as his fancy led, the method of Golgi has fallen like 
a clarifying drop, and at the present moment we are watching 
with interest and delight how that vague cloud is beginning to 
clear up and develop into a sharp and definite picture, in which 
lines objectively distinct and saying one thing only reveal them¬ 
selves more and more. This is not the place to enter into 
details, and I will content myself with pointing out as illustra¬ 
tive of my theme the progress which is being made in our know¬ 
ledge of how we hear and how sounds affect us. A dozen years 
ago we possessed experimental and clinical evidence which led 
us to believe that auditory impulses sweeping up the auditory 
nerve became developed into auditory sensations through events 
taking place in the temporo-sphenoidal convolution, and we had 
some indications that as these passed upward through the lower 
and middle brain the striae acusticceand the lateral fillet had some 
part to play. Beyond this we knew but little. To-day we can 
with confidence construct a diagram which he who runs can 
read, showing how the impulses undergoing a relay in the tuber- 
culurn acusticum and accessory nucleus pass by the striae acusticse 
and trapezoid fibres to the superior olive and trapezoid nucleus, 
and onwards by the lateral fillet to the posterior corpus quadra- 
geminum and to the cortex of the temporo-sphenoidal convo¬ 
lution. And if much, very much, yet remains to be done even 
in tracking out yet more exactly the path pursued by the im¬ 
pulses while they are still undeveloped impulses, not as yet lit 
up with consciousness, and in understanding the functional 
meaning of relays and apparently alternate routes, to say nothing 
of the deeper problems of when and how the psychical element 
intervenes, we feel that we have in our hands the clue by means 
of which we may hope to trace out clearly the mechanisms by 
which, whether consciousness plays its part or no, sounds affect 
so profoundly and so diversely the movements of the body, and 
haply some time or other to tell, in a plain and exact way, 
the story of how we hear. I have thus referred to hearing 
because the problems connected with this seemed, thirteen 
years ago, so eminently obscure ; it appeared so pre-eminently 
hard a task, that of tracing out the path of an auditory impulse 
through the confused maze of fibre and cell presented by the 
lower and middle brain. Of the mechanism of sight we seemed 
even then to have better knowledge, but how much more clearly 
do we, so to speak, see vision now? So also with all other 
sensations, even those most obscure ones of touch and pain : 
indeed, all over the nervous system light seems breaking in a 
most remarkable way. 

This great and significant progress we owe, I venture to say, 
to Golgi, to the method introduced by him ; and I for one 
cannot help being glad that this important contribution to 
science, as well as another contingent and most valuable one, 
the degeneration method of Marchi, should be among the many 
tokens that Italy, the mother of all sciences in times _ gone by, 
is now once more taking her right place in scientific no less 
than in political life. We owe, I say, this progress to Golgi in 
the sense that the method introduced by him was the beginning 
of the new researches. We owe, moreover, to Golgi not the 
mere technical introduction of the method, but something more. 
He himself pointed out the theoretical significance of the 
results which his method produced ; and if in this he has been 
outstripped and even corrected by others, his original merit 
must not be allowed to be forgotten. Those others are many, 
in many lands ; but two names stand out conspicuous among 
them. If rejuvenescent Italy invented the method, another 
ancient country, whose fame, once brilliant in the past, like 
that of Italy, suffered in later times an eclipse, produced the 
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man who, above all others, has showed us how to use it. At 
the meeting at Montreal a voice from Spain telling of things 
physiological would have seemed a voice crying out of the wil¬ 
derness ; to-day the name of Ramon-y-Cayal is in every physio¬ 
logist’s mouth. That is one name, but there is yet another. 
Years ago, when those of us who are now veterans and see signs 
that it is time for us to stand aside were spelling out the 
primer of histology, one name was always before us 
as that of a man who touched every tissue and touched 
each well. It is a consoling thought to some of us elder ones 
that histological research seems to be an antidote to senile 
decay. As the companion of the young Spaniard in the preg¬ 
nant work on the histology of the central nervous system done 
in the eighties and the nineties of the century, must be named the 
name of the man who was brilliant in the fifties, Albert von 
Kolliker. 

When I say that the progress of our knowledge of the central 
nervous system during the past thirteen years has been largely 
due to the application of the method of Golgi, I do not mean 
that it, alone and by itself, has done what has been done. 
That is not the way of science. Almost every thrust forward 
in science is a resultant of concurrent forces working along 
different lines ; and in most cases at least significant progress 
comes when efforts from different quarters meet and join hands. 
And especially as regards methods it is true that their value 
and effect depend on their coming at their allotted times. As 
I said above, neither experimental investigation nor clinical 
observation nor histological inquiry by the then known methods, 
had been idle before 1880, They had moreover borne even 
notable fruits, but one thing was lacking for their fuller fruition. 
The experimental and clinical results all postulated the exist¬ 
ence of clear definite paths for impulses within the central 
nervous system, of paths moreover which, while clear and sharp, 
were manifold and, under certain conditions, alternate or even 
vicarious, and were so constructed that the impulses as they 
swept along them underwent from time to time—that is, at 
some place or other—transformations or at least changes in 
nature. But the methods of histological investigations avail¬ 
able before that of Golgi, though they taught us much, failed 
to furnish such an analysis of the tangle of grey and white matter 
as would clearly indicate the paths required. This the method 
of Golgi did, or rather is doing. Where gold failed silver has 
succeeded, and is succeeding. Thanks to the black tract which 
silver when handled in a certain way leaves behind it in the 
animal body, as indeed it does elsewhere, we can now 
trace out, within the central nervous system, the pathway 
afforded by the nerve cell and the nerve cell alone. We see 
its dendrites branching out in various directions, each alert 
to dance the molecular dance assigned to it at once by the 
more lasting conditions which we call, structural, and the more 
passing ones which we call functional, so soon as some partner 
touch its hand. We see the body of the cell with its dominant 
nucleus ready to obey and yet to marshal and command the 
figure so started. We see the neuraxon prepared to carry that 
figure along itself, it may be to far-distant parts, it may be to 
near ones, or to divert it along collaterals, it may be many, or 
it may be few, or to spread out at once among numerous 
seemingly equipollent branches. And whether it prove ulti¬ 
mately true or no that the figure of the dancing molecules 
sweeps always onwards along the dendrites towards the nucleus, 
and always outwards away from the nucleus along the neuraxon, 
or whatever way in the end be shown to be the exact differences 
in nature and action between the dendrites and the neuraxon, 
this at least seems sure, that cell plays upon cell only by such a 
kind of contact as seems to afford an opportunity for change in 
the figure of the dance, that is to say, in the nature of the im¬ 
pulse, and that in at least the ordinary play it is the terminal of 
the neuraxon (either of the main core or a collateral) of one cell 
which touches with a vibrating touch the dendrite or the body 
of some other cell. We can thus, I say, by the almost magic 
use of a silver token—I say magic use, for he who for the first 
time is shown a Golgi preparation is amazed to learn that it is 
such a sprawling thing as he sees before him which teaches so 
much, and yet when he comes to use it acquires daily increased 
confidence in its worth—it is by the use of such a silver token 
that we have been able to unravel so much of the intricate 
tangle of the possible paths of nervous impulses. By them¬ 
selves, the acquisition of a set of pictures of such black lines 
would be of little value. But, and this I venture to think is 
the important point, to a most remarkable extent, and with 
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noteworthy rapidity, the histological results thus arrived at, 
aided by analogous results reached by the degeneration method, 
especially by the newer method akin to that of Golgi, that of 
Marchi, have confirmed or at times extended and corrected the 
teachings of experimental investigation and clinical ob¬ 
servation. It is this which gives strength to our present 
position ; we are attacking our problems along two inde¬ 
pendent lines. On the one hand we are tracing out anatomical 
paths, and laying bare the joints of histological machinery; 
on the other hand, beginning with the phenomena, and analysing 
the manifestations of disorder, whether of our own making or 
no, as well as of order, we are striving to delineate the 
machinery by help of its action. When the results of the two 
methods coincide, we may be confident that we are on the road 
of all truth ; when they disagree, the very disagreement serves 
as the starting-point for fresh inquiries along the one line or 
the other. 

Fruitful as have been the labours of the past dozen years, 
we may rightly consider them as but the earnest of that which 
is to come j and those of us who are far down on the slope of 
life may wistfully look forward to the next meeting of the 
Association on these Western shores, wondering what marvels 
will then be told. 

Physiology, even in the narrower sense to which, by em¬ 
phasis on the wavering barrier which parts the animal from 
the plant, it is restricted in this Section, deals with many kinds 
of being, and with many things in each. But, somewhat as 
man, in one aspect a tiny fragment of the world, still more of 
the universe, in another aspect looms so great as to overshadow 
everything else, so the nervous system, seen from one point 
of view, is no more than a mere part of the whole organism, 
but, seen from another point of view, seems by its importance 
to swallow up all the rest. As man is apt to look upon all 
other things as mainly subserving his interests and purposes, 
so the physiologist, but with more justice, may regard all the 
rest of the body as mainly subserving the welfare of the nervous 
system ; and, as man was created last, so our natural knowledge 
of the working of that nervous system has been the latest in 
its growth. But, if there be any truth in what I have urged 
to-day, we are witnessing a growth which promises to be as 
rapid as it has seemed to be delayed. Little spirit of prophecy 
is needed to foretell that in the not so distant future the teacher 
of physiology will hurry over the themes on which he now 
dwells so long, in order that he may have time to expound the 
most important of all the truths which he has to tell, those 
which have to do with the manifold workings of the brain. 

And I will be here so bold as to dare to point out that this 
development of his science must, in the times to come, influence 
the attitude of the physiologist towards the world, and ought to 
influence the attitude of the world towards him. I imagine 
that if a plebiscite, limited even to instructed, I might almost 
say scientific, men, were taken at the present moment, it would 
be found that the most prevalent conception of physiology is 
that it is a something which is in some way an appendage to 
the art of medicine. That physiology is, and always must be, 
the basis of the science of healing, is so much a truism that I 
would not venture to repeat it here were it not that some of 
those enemies, alike to science and humanity, who are at times 
called anti-vivisectionists, and whose zeal often outruns, not 
only discretion, but even truth, have quite recently asserted 
that I think otherwise. Should such a hallucination ever 
threaten to possess me, I should only have to turn to the little 
we yet know of the physiology of the nervous system and 
remind myself how great a help the results of pure physiological 
curiosity—I repeat the words, pure physiological curiosity, for 
curiosity is the mother of science—have been, alike to the 
surgeon and the physician, in the treatment of those in some 
way most afflicting maladies, the diseases of the nervous system. 
No, physiology is, and always must be, the basis of the science 
of healing ; but it is something more. When physiology is 
dealing with those parts of the body which we call muscular, 
vascular, glandular tissues and the like, rightly handled she 
points out the way not only to mend that which is hurt, to 
repair the damages of bad usage and disease, but so to train the 
growing tissues and to guide the grown ones as that the best 
use may be made of them for the purposes of life. She not 
only heals, she governs and educates. Nor does she do other¬ 
wise when she comes to deal with the nervous tissues. Nay, it 
is the very prerogative of these nervous tissues that their life is 
above that of all the other tissues, contingent on the environ- 
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ment and susceptible of education. If increasing knowledge 
gives us increasing power so to mould a muscular fibre that it 
shall play to the best the part which it has to play in life, the 
little knowledge we at present possess gives us at least much 
confidence in a coming far greater power over the nerve cell. 
This is not the place to plunge into the deep waters of the 
relation which the body bears to the mind; but this at least 
stares us in the face, that changes in what we call the body 
bring about changes in what we call the mind. When we alter 
the one, we alter the other. If, as the whole past history of our 
science leads us to expect, in the coming years a clearer and 
clearer insight into the nature and conditions of that molecular 
dance which is to us the material token of nervous action, and 
a fuller, exacter knowledge of the laws which govern the sweep 
of nervous impulses along fibre and cell, give us wider and 
directer command over the moulding of the* growing nervous 
mechanism and the maintenance and regulation of the grown 
one, then assuredly physiology will take its place as a judge of 
appeal in questions not only of the body, but of the mind ; it 
will raise its voice not in the hospital and consulting-room only, 
but also in the senate and the school. 

One word more. We physiologists are sorely tempted 
towards self-righteousness, for we enjoy that blessedness which 
comes when men revile you and persecute you and say all 
manner of evil against you falsely. In the mother country our 
hands are tied by an Act which was defined by one of the highest 
legal authorities as a “ penal ” Act; and though with us, as 
with others, difficulties may have awakened activity, our science 
suffers from the action of the State. And some there are who 
would go still further than the State has gone, though that is 
far, who would take from us even that which we have, and bid 
us make bricks wholly without straw. To go back is always a 
hard thing, and we in England can hardly look to any great 
betterment for at least many years to come. But unless what I 
have ventured to put before you to-day be a mocking phantasm, 
unworthy of this great Association and this great occasion, 
England in this respect at least offers an example to be shunned 
alike by her offspring and her fellows. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Dr. W. Ernest Thomson has been appointed to the chair 
of Physiology at Anderson’s College, Glasgow, in succession to 
Dr. Campbell Black. 

The Athenceum states that Peoria, Illinois, is to have a 
university. A millionaire has endowed the proposed institution 
with 1,000,000 dollars, placing the estate in the hands of 
trustees to be named by himself. His instructions are that the 
estate shall be conserved until the interest accretions, together 
with the principal, amount to 1,500,000 dollars, when the build¬ 
ings are to be erected, the faculty secured, and the library, 
laboratories, &c., equipped. 


SOCIETIES AND ACADEMIES. 

Paris. 

Academy of Sciences, August 25.—M. A. Chatin in the 
chair. _p ers ian truffles. Note by M. Chatin on a letter re¬ 
ceived from the late Dr. Tholozan.—The recent storms in France, 
July and August 1897, and the solar period, by M. Ch. V. 
Zenger. Further evidence in support of the author’s theory of 
the parallelism of atmospheric, electric, magnetic and seismic 
disturbances, and their connection with the electro-dynamic 
action of the sun.—Summary of solar observations made at the 
Royal Observatory of the Roman College during the first half of 
the year 1897, by M. P. Tacchini. —Observations of the solar 
eclipse of J uly 29 at the observatory of Rio de Janeiro, by M. 
L. Cruls.—On the reduction of vectors and metric properties, 
by M. J. Andrade.—Critical constants of some gases, by MM. 
A. Leduc and P. Sacerdote. The authors have determined the 
temperature and pressure, at the critical point, of hydrogen sul¬ 
phide, chloride and phosphide. The results in the first two 
cases are in accordance with those obtained by Dewar. The 
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critical constants of hydrogen phosphide are here given for the 
first time.—Absorption of the X-rays, by M. Abel Buguet. 
Methods are described by which the relation of the thickness of 
a substance to its opacity for the X-rays, and also its specific 
absorption of the latter, may be determined.—Presence of Acari 
in wines, by M. L. Mathieu. Several species of Acari , particu¬ 
larly Glyciphagus cursor and Tiroglyphus farince , have been 
observed in genuine unsweetened wines. 
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